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A TRANSPORT AND DIFFUSION MODEL FOR SMOKE MUNITIONS 

1.  INTRODUCTION 

The AMSAA smoke model, referred to as the Smoke Effec- 
tiveness Manual Model (SEMM), as described here was derived from 
the original JTCG Smoke Obscuration Model No. 1 (SOM-1) whose principal 
author was M. C. Johnson. In order to make the model more manageable, 
Mr. G. Hanna of AMSAA and the Oklahoma State University Engineering 
Field Office at Eglin Field, Florida, revised the SOM-1 by removing the 
more doubtful transmission and brightness calculations leaving this 
information to be supplied by calibrated test results. Also, additional 
features were included such as the effects of weapon delivery errors and 
a comprehensive analysis of the density distribution of the smoke cloud. 

The AMSAA smoke model forms the basis for constructing the 
obscuration tables given in the Smoke Effectiveness Manual published 
by the Joint Technical Coordinating Group for Munitions Effectiveness. 
It considers the delivery of white phosphorus (WP) or hexachlorethane 
(HC) muntions by indirect fire weapons to selected aimpoints located at 
a given range from the delivery weapons. Single or multiple volleys 
may be fired. After impact, the computer program determines the amount 
of obscurant at various time intervals along numerous lines of sight. 
The obscuring screen is transported and diffused as a function of local 
meteorological conditions during which time a criterion is applied to 
determine if target detection can be achieved with the particular visual 
aid employed. The model is adaptable to a number of spectral ranges and 
visual aids depending on the input data used. The following distinctive 
features are noteworthy: 

• The smoke model is a transport and diffusion model and re- 
quires transmission data. 

• The model assumes an uncorrelated guassian trivariate 
distribution for each obscuring burst. 

t The model produces "holes" or discontinuities in the smoke 
screen due to the aiming and precision errors of indirect 
firing weapons. 

• The model is used for detection but with the proper data 
can be used for recognition and identification. 

According to Johnson, Reference 2, the gaussian trivariate 
distribution of aerosols, chosen for this model, evolved from the works 
of Sutton, Calder and Milly. Milly compared the model against numerous 
test data on munitions of various types in order to establish the values 



of the model's constants. Johnson states that the model is usually 
selected by analysts for short to medium cloud travels because of the 
simplicity of parameters required for input information. 

A recent adjustment has been made to the WP portion of the 
model and is currently being evaluated. This change will improve the 
correlation of the model output with field data from smoke tests. 
Documentation will be published at a later date. 

2.  MODEL DESCRIPTION 

2.1 General. 

The AMSAA model can be used for both WP and HC munitions. 
Some model changes are required when employing either agent but a basic 
similarity exists between both applications. 

When bursted, a WP munition develops an initial size which 
proceeds to diffuse and transport according to meteorological conditions. 
Similarly, the smoke produced by HC munition is treated as a large num- 
ber of small individual continuous bursts or puffs which form an elon- 
gated screen with a fixed origin. In both cases, the bursts are assumed 
to have a trivariate gaussian distribution with standard deviations ax, 
ay, az at any time t given by Sutton as: 

0= 0.1522 (Uf±V294 

ay    3'41 (-iurH 

„    . i « /Ut + CxB az -  1.35  (—20—) 

The quantity U represents the mean wind velocity near the ground and 
t measures the age of each burst. The exponents a  and e are func- 
tions of the temperature gradient in the vicinity of the ground. The 
quantities A, B, and C account for the size of the initial burst of the 
munition. These values are zero for HC rounds but have the following 
values for WP rounds: 

A.1.0(!^)V^ 

B - 100 (^ ^|_) Va (2.2) 

a 
r 2 20 (J^/B 
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where axs, OySf and a,s are the source values of the standard devia- 
tions and depend on the WP fill weight of the munition. The constants 
in Equations (2.1) and (2.2) were established by Milly, Reference 1, in 
accordance with test data but have been modified somewhat by past users. 
The growth of these sigmas with time establishes the diffusion qualities 
of the bursts and consequently that of the smoke screen. 

For calculating convenience, the model employs three coordi- 
nate systems; these are (a) an earth fixed system, (b) a weapon axis 
system with the y axis extended in the direction of the line of fire, 
and (c) an axis system so oriented that its x axis is always along the 
wind direction. The latter facilitates the integration of smoke density 
along the selected lines of sight. 

The burst points of the munitions differ from the intended aim 
points by the aiming and precision errors in firing. Figure 1 shows the 
intended deployment of munitions in a lazy W pattern along with the 
actual bursts as delivered by a battery of six weapons, firing at 2/3 
their maximum range, on one occasion. An estimate of the range and 
deflection deviations of the actual centroid of burst points from 
the intended centroid of bursts due to the aiming error is estimated by 
sampling the random variable x from a uniform source and proceeding as 
shown in Figure 2 to arrive at the corresponding miss distances R and D. 
These distances are laid out along the weapon system axis. 

A similar procedure is followed to find the contribution of 
the precision error at each burst point. Components of the precision 
and aiming error are summed to arrive at the total error between 
the intended and actual burst points. Range and deflection standard 
deviations for both errors must be known. 

The inclusion of munition delivery errors is essential to the 
development of "holes" or periods of relatively short visibility through 
the smoke screen. Precision errors are mainly instrumental in creating 
"holes" in predominently cross wind cases whereas aiming errors can pro- 
duce significant smoke screen displacements in obscuring an enemy front 
in prevailing head or tail wind situations. 

During the development of the smoke screen from the individual 
bursts, the density of the screen at any point is the sum of the densi- 
ties of the individual burst taken at that point. With a mean ground 
wind velocity U in a direction x, the cloud density at point x, y, z 
in the wind axes system is given by: 

"'"■upHr WT^I-? a a a x      y      uz 

(2.3) 
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FIGURE  1  - MUNITION DISPERSION DUE TO PRECISION AND AIMING ERRORS 
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FIGURE  2 - DEVELOPMENT OF PRECISION AND AIMING ERRORS 
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where  X   is the munition efficiency with which the smoke producing 
material is used. 

Q    is the weight of the smoke producing material prior to 
dissemination, excluding weight lost in the plume. 

fi   is the yield factor associated with the physio-chemical 
reaction process which converts smoke producing material 
into smoke. For hydroscopic agents this quantity is 
mainly a function of relative humidity. 

z(t) is the function which describes the vertical motion 
of the smoke due to updrafts from heat released dur- 
production. 

N   is the number of bursts of WP or puffs of HC forming 
the smoke screen. 

The integration of the density Equation (2.3) is carried out 
along various lines of sight L-j originating at the observer's position 
and passing throught the screen. The mass per unit area of the ob- 
scurant along line L-j is therefore: 

N r 
MASS (L) = £ /  (DEN) dL (2.4) 

0 

The line of sight L-j is an obscured path if and when: 

MASS (Li) >  CLTHRS (2.5) 

where CLTHRS is the threshold value for the combined smoke agent and 
optical aid employed. That is, it is the mass per unit area through 
which the probability of target detection is derived due to the at- 
tenuation of the obscurant. 

11 



The obscuration characteristics of the smoke cloud is deter- 
mined by exploring various lines of sight (LOS) through the developing 
screen. Figure 3 shows a screen formed by the diffusion of three bursts. 
An enclosing rectangle is given by the four sigma values of those bursts 
which define the rectangle's maximum dimensions. The size of the 
rectangle gives the limiting locations of the exploratory LOS's and 
assumes that these LOS's form unobscured paths. Figure 4 expands this 
idea indicating the individual LOS's along with their respective separa- 
ting lengths, Ax. The screen length is defined by the first and last 
LOS which satisfies the condition given in Equation (2.5). Those interior 
Ax's which correspond to those LOSs which fail to meet this criterion 
are summed to give the effective size of the "hole" in the screen. The 
effective cloud length is given by the total length less the "hole" 
size. Replications of the above procedure, repeatedly sampling the 
precision and aiming errors, provide the average values of the total and 
effective cloud lengths. 

The model makes provisions to explore the characteristics of 
the smoke cloud in greater depth. Thus the densities at numerous points 
within the smoke cloud, at a given height above ground level, are pre- 
sented as an array of data thereby making it possible to follow the time 
history of high and low density areas. Another feature is the calcula- 
tion of the smoke concentration along numerous lines of sight originating 
at points along the near, or observer edge, of the cloud and terminating 
at points along the far edge. In this way multi observer-target LOS's 
are explored for each cloud time history. 

3. MODEL INPUT DATA 

The model inputs needed to produce obscuration results may be 
divided into two parts, selected inputs and fixed inputs. The selected 
inputs are those which the user can choose in battlefield planning in 
order to employ the JTCG/ME Smoke Manual. They are also the most signifi- 
cant parameters determining the history of the smoke cloud. The fixed 
inputs are those, which have a lesser influence on the dissemination of 
the smoke cloud and which are not easily discernible or calculable on 
the battle field. They are inputs that are either held constant in 
developing the smoke tables or values that are dependent on those of the 
selected inputs. 

3.1 Selected Inputs. 

3.1.1 Meteorological Conditions. Select meteorological 
conditions have been reduced to five combinations of atmospheric stability 
and wind velocities in accordance with the Pasquill grouping of these 
parameters. These are in Table 1. 

12 
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TABLE 1. METEOROLOGICAL CONDITIONS 

Approx. 
Wind Speed, 

knots 
Pasquill 
Category 

5 E to F 

5 D to C 

10 D to C 

15 D to C 

5 A to B 

Stability 

Ideal (Inversion) 

Favorable (Neutral) 

Favorable (Neutral) 

Favorable (Neutral) 

Marginal (Lapse) 

3.1.2 Wind Direction. The wind directions are chosen with 
reference to the observer-to-target LOS. These are crosswind, head or 
tail wind, and quartering wind. 

3.1.3 Munition Type. The model will produce obscuration re- 
sults for currently available WP and HC munitions. Those to be included 
in the Smoke Manual are shown in Table 2. 

TABLE 2. SELECTED SMOKE MUNITIONS 

105mm, M84B1, HC 

105mm, M60A2, WP 

155mm, M110E2, WP 

155mm, M116B1, HC 

4.2", M328A1, WP 

81mm, M375A2, WP 

5", 5.54 CAL., WP 

3.1.4 Volley Size. One or more multi-round volleys may be 
fired at selected times between volleys. To avoid lengthy tables in the 
Smoke Manual, only the effects of single round or multi-round volleys 
will be listed and the effects of additional volleys approximated by 
simple manual calculations. 

15 



3.1.5 Spectral Bands. The model is adaptable to any spectral 
band for which the sensor's capability against a particular smoke agent 
is available. This capability is represented by the concentration- 
length of smoke which the sensor can defeat. For the Smoke Manual, 
results will be listed for the visible spectrum, for an anti-tank guided 
missile and for the currently available night sight operating against 
the smoke munitions. 

3.2 Fixed Inputs. 

As stated in paragraph 3, the fixed inputs are those which are 
either held constant in preparing the smoke tables or whose values are 
average values corresponding to the range of selected inputs. 

3.2.1 Yield Factor. Most military screening smokes consist 
chiefly of hydroscopic products of chemical reactions which form dilute 
solutions in the presence of atmospheric water vapor. The resulting 
smoke clouds are actually suspensions of small liquid droplets. Both WP 
and HC munitions are in this class and the mass of smoke they produce is 
greater than the mass of the original dry agent. Fog oil smoke, on the 
other hand, is an atomization of a liquid and the smoke mass is equal to 
the mass of oil consumed. The yield factor is the ratio of the wet 
smoke mass produced to the mass of dry agent consumed. Yield factors 
for various smoke agents, taken from Reference 2, are shown in Figure 5 
plotted as a function of relative humidity. A constant relative 
humidity of 50 percent was used in developing the smoke tables. 
Table 3 gives values of yeild factor used in developing the smoke tables. 

TABLE 3. YIELD FACTORS FOR 50 PERCENT RELATIVE HUMIDITY 

Type Munition Yield Factor 

WP 5.2 

HE 1.85 

3.2.2 Diffusion Parameters a and p. According to Milly, 
Reference 1, the diffusion of the smoke bursts (or puffs in the case of 
HC) are controlled by the meteorologically dependent quantities a and 
3 which are determined by the local temperature gradient. A reproduc- 
tion of Milly's curve is shown in Figure 6. a and B develop the 
standard deviations for the trivariate smoke density distributions in 
directions perpendicular to the wind direction. Along the wind direc- 
tions, the diffusion parameter 6 has the constant value 0.9294. The 
specific temperature gradients and corresponding a and 3 values are 

16 
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given in Table 4 for the three atmospheric stability conditions covered 
in the smoke tables. The gradient is represented by the average tempera- 
ture difference between a height of 4 meters and 0.5 meters along the 
local terrain. 

TABLE 4. a AND 3 VALUES FOR THREE STABILITY CONDITIONS 

AT. QF a = g        Stability Conditions 

- 1.5 1.5 Lapse 

0 0.88 Neutral 

+ 1.5 0.70 Inversion 

The stability conditions are selected inputs. 

3.2.3 Munition Fill Weight. The AMSAA Model uses the munition 
fill weight modified by an efficiency factor to account for two effects; 
(1) the amount of fill actually converted to dry smoke and (2) the amount 
of smoke which is lost in the rising plume. The former is determined 
from test results while the latter is dependent on atmospheric stability 
and is employed instead of using a smoke rise function. The product of 
fill weight and efficiency is called the effective fill weight for the 
munition and its values are given in Table 5 for the munitions listed 
in Section 3.1.3. 

TABLE 5. EFFICIENCIES AND FILL WEIGHTS FOR VARIOUS MUNITIONS 

Munition 
Fill Wt. 

(lb) Lapse 

Efficiency 

Neutral I nversion 

Effect 

Lapse 

;ive Fill 

Neutral 

Wt. (lb) 

Inversion 

105 WP 3.85 0.10 0.10 0.30 0.38 0.38 1.15 

105 HC 7.50 0.75 0.75 0.75 5.60 5.60 5.60 

155 WP 15.6 0.10 0.10 0.30 1.56 1.56 4.68 

155 HC 25.8 0.75 0.75 0.75 19.4 19.4 19.4 

4.2 in. 
WP 

7.5 0.40 0.40 0.60 3.0 3.0 4.5 

81mm WP 1.75 0.10 0.10 0.30 0.175 0.175 0.53 

5 in. WP 8.34 _ _ _ _ _ _ 

19 



3.2.4 Source Sigmas, qy<;1 
gygt 

g
7<;. While HC smoke 

originates from a small area which may"be considered a point source, WP 
smoke originates as the result of a bursting charge which ignites and 
separates the filler material. The distribution of this material is 
assumed to have the same gaussian characteristics as the subsequently 
diffused cloud. The source sigmas, defined as 0xs. ays» azs ^n 

Equation (2.2), characterize the initial WP burst and have values 
strongly dependent on the munition's effective fill weight. Their 
growth with time defines the diffusion process 
Under calm wind conditions 0xs is equal to a 

obtains a circular symmetry in planes paralle 
winds, the down wind sigma, 0XS may be 
For HC munitions the source sigmas are 

■$ 

taken from Reference 
munition's effective 
For the WP munitions 
used in preparing the 

of the smoke screen, 
so that the cloud 
to the ground. In strong 

skewed in the wind direction, 
given a value of zero. Figure 7, 

2, shows the calm wind sigmas plotted against the 
fill weight as determined by limited test results, 
listed in Section 3.2.3, the source sigmas were 
Smoke tables. 

TABLE 6.  SOURCE SIGMAS FOR VARIOUS WP MUNITIONS 

Munition Lapse Neutral Inver 

105 WP 2.79 2.79 3.79 

155 WP 4.13 4.13 5.62 

4.2 in. WP 4.96 4.96 5.56 

81mm WP 2.24 2.24 3.05 

5 in. WP _ m „, 

?7<:» meters 

Lapse Neutral Inver 

0.93 0.93 1.26 

1.37 1.37 1.87 

1.65 1.65 1.87 

0.74 0.74 1.01 

3.2.5 Light Attenuation and Extinction Coefficient. The frac- 
tional loss of light intensity and the extinction coefficient are assumed 
to be adequately related by the Beer-Lambert Law. When the threshold 
level of attenuation and the extinction coefficient for a particular 
smoke agent are used in this relationship, the threshold value of smoke 
concentration times length is obtained. This value, noted as CLTHRS in 
the model, is the model's obscuration criterion and is determined as a 
function of the selected inputs. In fact, the ability of the sensor to 
"see" through the cloud of a particular obscurant depends on its ability 
to defeat its corresponding concentration - length threshold. The fixed 
inputs of attenuation threshold and extinction coefficients used in the 
model are given in Table 7 for the visual range, for an anti-tank guided 
missile (ATOM) and for an operating set of night sights. 
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TABLE 7. ATTENUATION THRESHOLD AND EXTINCTION COEFFICIENTS 

ATTEN. THRES. 

VISIBLE 

0.90 

ATOM 

0.99 

NIGHT SIGHT 

0.95 

WP 

HC 

0.00332 

0.0045 

0.00267 

0.0029 

0.00028 

0.000061 

3.2.6 Munition Delivery Accuracy. The smoke tables are con- 
structed for munition delivery accuracies corresponding to two-thirds of 
the delivery weapon's maximum range. Representative values of the aiming 
and precision errors for the cannon and mortar weapons covered in the 
manual are listed in Table 8. The aiming errors represent adjusted fire. 

TABLE 8. AIMING AND PRECISION ERRORS 

105 How. 

155 How. 

4.2 In. Mort. 

81mm Mort. 

5 In. Gun 

Range (m) Precision, Std. Dev. Aiming, Std, , Dev. 

Range Defl. Range Defl. 

7000 23 6 36 27 

12000 44 10 46 15 

4000 43 5 49 27 

5000 37 6 45 27 

16000 m _ _ _ 

3.2.7 Aimpoints. The intended center of impact for the 
volley located from the center of the firing weapons as the origin of 
coordinates, is designated as YT in the range direction and XT in the 
lateral direction. The values for YT correspond to the weapon ranges 
quoted in Section 3.2.6 while XT is taken as zero. The location of the 
intended impact points about the intended center of impact taken as the 
origin, are noted as X1DEAL or X(I) in the lateral direction and YIDEAL 
or Y(I) in the range direction. These points also establish the desired 
impact pattern. Table 9 gives the intended impact points for some 
of the volley sizes used in constructing the tables in the Manual. 
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TABLE 9.  INTENDED IMPACT POINTS FOR VARIOUS MUNITIONS AND VOLLEY SIZES 

105 How. 

155 How. 

Firing Volley XIDEAL YIDEAL 
Pattern Size (m) (m) 

Lazy W 6 -75 -15 
-45 15 
-15 0 
15 0 
45 15 
75 -15 

Lazy W 6 -125 -25 
- 75 25 
- 25 0 

25 0 
75 25 

125 -25 

Line 4 - 60 20 
- 20 0 

20 20 
60 0 

Line 3 - 30 0 
0 0 

30 0 

Converge 2 0 0 
Sheaf 0 0 

4.2 In. 
Mort. 

81mm Mort. 

5 In. Gun 

3.2.8 Reliability. The reliability of all munitions is assumed 
to be 100 percent. For a round reliability other than 100 percent, the 
model would produce an average cloud length. For small volley sizes, say 
a one round volley, an average value would not be realized since a full 
cloud either would or would not occur. 

3.2.9 Burn Time. The burn time for all HC rounds is assumed to 
be 2 minutes. This is in accordance with field test data. (Reference 4). 

4. SAMPLE RESULTS 

Sample calculations were made for a battery of 155mm weapons 
firing in a cross wind of 5 knots under neutral atmospheric conditions. 
Table 10 shows the results of firing a single volley of 2, 4, and 6 rounds 
of WP and HC ammunition. The battery fire has been adjusted thereby 
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minimizing the aiming errors. The cloud characteristics are defined as 
follows: 

(a) Total cloud length - The included distance between the 
extreme left and right obscured LOS from the observer's position. 

(b) Effective cloud length - The total cloud length less the 
sum of the included "hole" lengths. 

(c) Upwind edge of cloud - The distance of the upwind edge of 
the cloud from the intended volley aimpoint (centroid). This distance 
becomes negative when the upwind edge crosses the aimpoint. 

(d) Downwind edge of cloud - The distance of the downwind 
edge of the cloud from the intended volley aimpoint. This distance is 
positive when the downwind edge is downwind of the aimpoint. 

The two-round volleys are fired at aimpoints 3 and 4 of the 
Lazy W shown in Figure 1 while the four-round volleys use the outer 
aimpoints 1, 2, 5 and 6. These aimpoints were chosen to illustrate the 
results obtained using close and separated bursts and are not neces- 
sarily those to be used in actual firings. The lateral spacing between 
each sequential aimpoint is 50 meters, all of which are located at two- 
thirds of the weapons' maximum range from the firing position. 

Referring to the WP two-round volley data in Table 10, the 
closeness of the aimpoints results in a cloud with an initially small 
hole between the two bursts. This is indicated by the difference between 
the total and effective lengths. The total obscuring length increases 
to 202 meters in 3.5 minutes after which the cloud thins out and the 
obscuring length starts to shorten. 

The 150-meter spacing between the number 2 and 5 aimpoints for 
the four-round volley creates a larger separation for the corresponding 
bursts. Results in Table 10 show that the accumulated hole size starts 
off at about 100 meters in size at 30 seconds after impact and closes 
almost completely in 4 minutes. Meanwhile, the effects of diffusion 
causes the ends to thin out so that at 3 minutes after round impact a 
shortening of the effective length occurs. 

The six-round volley increases the effects of the four-round 
volley by the addition of the two middle weapons of the battery. Since 
the outer weapons are fired in both cases, a similar cloud length would 
be expected but with a smaller accumulated hole size due to the filling 
effect of weapons 3 and 4. Table 10 shows this to be the case, the hole 
size being only a few meters in length throughout the cloud's time 
history. The end point displacements, or distances covered by the screens, 
are expected to be the same whether four or six guns are firing. 
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The HC burst points are a continuous source of smoke until 
burnout occurs at the end of 2 minutes. At this time the upwind edge 
of the cloud starts to move downwind. No holes are indicated after 
30 seconds of burn time. Since the four- and six-round volleys fire 
the same outer weapons of the battery, little or no advantage is gained 
by firing the six rounds for the 240 seconds Indicated in the Table. 

NOTE: Data used in calculating results for the HC agent have been 
updated since this table was prepared and are included in 
Section 3 of this report. 

5.  COMPARISON BETWEEN MODEL AND TEST RESULTS 

Between September and November 1977, Dugway Proving Ground 
personnel tested certain US inventory smoke munitions. These tests 
were requested by AMSAA and funded by the Office of the Project 
Manager for Smoke and Obscurants. Dugway's report on these tests Is 
given in Reference 3. These tests included most of the smoke munitions 
listed in the JMEM/ME Smoke Manual in addition to burn time data for HE 
munitions taken from wind tunnel tests. For these reasons they were used 
as a basis for comparison with results obtained from the Smoke Effective 
ness Manual Model. Table 11 is a summary of the munitions and the test 
conditions from which data were selected for the comparative analysis. 

5.1 Test Data. 

In order to cover a wide range of volume of delivered smoke, 
test data from single- and multi-round volleys of 155mm and 105mm WP 
smoke projectiles were selected from Reference 3. The choice of WP 
rather than HC munitions for comparison between test and predicted 
results represents a more severe test of simulation due to the defini- 
tive nature of the WP burst and the Individual burst histories of trans- 
port and diffusion which the model must consider. Table 12 Includes 
test data required by the model as input for simulating the test results. 
These data are Identified in the table which also lists computer instruc- 
tions appropriate for handling this information. Finally, the table 
Includes input parameters that are functions of the input conditions. 
The latter are given in Figures 5, 6, and 7 and are taken from 
Reference 2. 

5.2 Model Changes for Comparative Analysis. 

A minor alteration of the WP program of the smoke model was 
necessary to produce results for comparison with test data. This 
change Is shown In Appendix D Flow charts titled. Subroutine CALC, 
Modification for Comparative Analysis. Essentially, this change 
determines the value of concentration-length, CL, of the smoke cloud 
along a fixed observer-to-target line-of-sight. These CL's are re- 
corded versus time from burst. 
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5.3 Comparisons Between Model and Test Results. 

The WP portion of the smoke model was run using test data 
obtained from the Smoke Inventory Tests, Reference 3. In order to get a 
broad view of the model's predictive capabilities, the tests selected 
for comparative analysis consisted of those employing one and three 
rounds of 105mm WP M60A2 munitions and three and six rounds of 155mm WP 
M110E2 munitions. Each group of rounds were statically fired simul- 
taneously in a linear array parallel to the observer's line of sight. 
In this way the smoke cloud passing the observer's LOS varied considerably 
in concentration-length from test to test rather than in screen length. 
A time history of smoke concentration was recorded as the cloud passed 
the observer's LOS and a comparison of this quantity was made with the 
corresponding predicted value obtained from the smoke model. Figure 8 
shows the predicted and test results when the smoke from one round of 
105mm WP is released and crosses the observers LOS. The concentration 
length represents the mass of smoke occupying a volume one square meter 
in cross section and extending along the observer's LOS. The dashed and 
solid markers indicate the level of concentrations needed to defeat the 
naked eye and an anti-tank guided missile (ATOM) sensor respectively. 
The corresponding defeat level for night sight is above the concentration 
levels shown. Comparisons between model and test results at the threshold 
levels indicated is quite favorable. A characteristic of most test and 
model comparisons is the tail-off of smoke that persists after the main 
body of smoke has passed downwind. This effect is apparently caused by 
the filler material containing solid chunks which do not form the initial 
flash but continue to burn on contact with the ground. This effect does 
not significantly degrade the fidelity of the model until larger volleys 
of the larger 155mm munition are involved. In such cases, the model 
gives conservative results. Figure 9 shows a similar presentation for 
three rounds of 105mm WP. A favorable comparison between model and 
test results is also apparent at the visual and ATOM thresholds. Here 
again, the concentration level to defeat the night sight is not reached. 
The threshold level for the night sight is finally exceeded with three 
rounds of 155mm WP. This is shown in Figure 10 along with the visual 
and ATOM threshold levels. The correlation is favorable, with the 
model being a little conservative at the lower concentrations due to the 
tail-off. Figure 11 shows comparative results for 6 rounds of 155mm 
WP. In this particular test the tail-off persists for a considerable 
length of time after the maximum smoke concentration level has passed. 

From the comparisons made to date between model and test re- 
sults, it appears that the model predicts the duration of obscuration 
for the three sensors quite well. Difficulties arise where the WP model 
predicts higher peak values of CL's and shorter duration times at lower 
CL's. Both effects are apparently due to some of the filler material 
not being consumed in the initial burst and burning on the ground in the 
manner of an HC munition. A model change has been prepared to correct 
this deficiency. This change will be documented at a later date. 
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APPENDIX A 

DEFINITION OF SYMBOLS 

The Input quantities required to operate the smoke model are 
listed and defined below. 

ANG     The angle between the earth axis and the weapon axes system, 
degrees.  (Taken as zero in the program listing). 

CATTN   The attenuation coefficient used in the Beer-Lambert Law. 
Function of the smoke agent and transmitted wavelength. 

DL     Line increment, meters. 

DT     DT is the time between computer computations or steps, 
seconds. 

EFF     Defined in Section 3.3.2, Munition Fill Weight. 

INSNAP   Time between printouts (SNAP) divided by time between 
computations (DT). 

NRPV    The number of rounds per volley to be fired. 

NS     The total number of computer time steps in the program. 

NSAMM   The number of "holes" or see through locations within the 
smoke screen. 

NSAMP   Total number of replications for averaging results. 

NT, MT   NT is the total number of times the cloud history is 
examined, or looked at each time noted as MT, and separated 
by SNAP seconds. 

NVOL    The number of volleys to be fired. 

QMUN    Defined in Section 3.2.3, Munition Fill Weight. 

SNAP    Time increment between printouts or "looks", i.e., between 
MT and MT+l, seconds. 

THRES   The percent of light leaving the target which is required 
to accomplish detection. 

U      The wind velocity in meters per second. 
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VT       Time between volleys, seconds. 

WVU1,     The direction cosines between the earth axes and the wind 
WVU2     axes. 

x0B»Y0B   The observer location in the earth axes system (usually 
0,0) meters. 

XIDEALfJ) The aimpoints of all J rounds to be fired, measured 
YIDEAL{J) from the volley aimpoint or desired pattern center. 
ZIDEAL(J) 

XT, YT    The location of the aimpoint for the volley in the 
weapon axes system, meters. 

Defined in Section 3.2.1. 

The exponents defining the standard deviations of the 
smoke cloud. Functions of temperature gradient. 

The occasion-to-occasion aiming error in range and 
deflection, meters. 

The round-to-round precision error in range and de- 
flection, meters. 

The source sigmas, meters. Establish the initial size 
of the smoke burst; a function of fill weight. 

YIELD 

a,   B, a 

aAR. aAD 

aBR. aBD 

axs» 
0ZS 

asy 
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APPENDIX B 

DESCRIPTIONS OF SUBROUTINES FOR WP MUNITIONS 

B.l GENERAL 

The subroutines for the WP program are described in this 
Appendix using a combination of algebraic and FORTRAN notation. The 
order of presentation is essentially that in which they are called for 
in the MAIN listing. Flow charts for the WP program are in Appendix D. 

B.2 WP PROGRAM. MAIN 

The function of MAIN is to call sixteen subroutines which make 
up the WP smoke model. In addition, the calculation of the threshold 
value of smoke CL for a given visual aid is computed here in 
accordance with the Beer-Lambert Law. Simply: 

dl/dCL = CATTN x I 

TRANS = 1 - ATTN = I/I0 = exp (-CATTN * CL) 

ATTN = 1 - exp (-CATTN x CL) (6) 

where I/I0  is the ratio of the transmitted to the incident radiation 
intensity. 

CATTN  is the extinction coefficient for the smoke agent. 

TRANS, ATTN  are the transmission and attenuation of radiation through 
the smoke, respectivity. 

B.3 SUBROUTINE STCL 

Subroutine STCL calculates the virtual offset distances A, B, 
C which are needed to define the initial burst sigmas to be used in 
Subroutine FRMCLD. It also establishes the weight of smoke produced 
from the selected smoke agent through the calculation of the quantity 
FACTOR. 

B.4 SUBROUTINE FRMCLD 

Subroutine FRMCLD computes the sigma time histories for all 
the bursts which make up the smoke cloud. The increase of these sigmas 
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with time is the diffusion mechanism which creates the cloud growth. The 
quantity FACT is the smoke density written in the form necessary for 
inclusion in the gaussian formulation. 

B.5 SUBROUTINE CLEAR 

Subroutine CLEAR is employed to set to zero the initial values 
of the statistical variables which are to be evaluated in Subroutine 
VEVAL. This step forms part of the Monte Carlo averaging process to be 
preformed in Subroutine CALPRT which follows VEVAL. The quantities to 
be initially set to zero are: 

Cloud length SSL 

Cloud length, squared SSLS 

Left end of cloud SLY 

Left end of cloud, squared SLYS 

Right end of Cloud SRY 

Right end of cloud, squared SRYS 

Hole size SSH 

Hole size, squared SSHS 

B.6 SUBROUTINE MPLACE. 

Subroutine MPLACE locates each burst or impact point of the 
battery volley. The aiming and precision errors are computed and taken 
from Subroutines NORAN. The sequence of burst placement is as follows: 
For volley 1 at time T|, weapon 1 fires round 1 at aimpoint 1; weapon 2 
fires round 2 at aimpoint 2; and so on until all weapons have fired. For 
volley 2 at time t2, the weapon firing is repeated. This sequence 
continues until all volleys are fired. The volley number uses the index 
I, the weapon or round number uses the index J. Each of the NSAMP 
replications called in the MAIN program constitutes a different firing 
occasion. 

Figure 12 shows the development of the impact points dia- 
gramatically. The weapon axes can be displaced from the reference earth 
axes by an angle ANG. In the weapon axes system, the target is located 
at point Xj, Yj, which is also the centroid of the volley aimpoints. On 
one occasion, the centroid displacement due to the aiming error is 
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determined by Subroutine NORAN and located at position XCA, YCA. The 
impacts of each of the volley rounds are displaced from XCA, YCA by 
their aimpoint shifts and by their individual precision errors. The 
latter is also determined by Subroutine NORAN. The final locations of 
each round is XBA(l), YBA(l); XBA(2), YBA(2); etc. Normally ZBA is 
zero. The time each volley is delivered is given by 

BRSTTM = (1-1) * VT 

where I is the volley number and VT the time between volleys. 

The weapon axes, which define the line of fire, are usually selected 
coincident with the earth axes in which case ANG is zero as in Figure 
12. 

B.7 SUBROUTINE NORAN 

Subroutine NORAN determines the aiming error for each occasion 
or program replication and the precision error for each round delivered. 

B.8 SUBROUTINE COMBST 

Subroutine COMBST transforms the impact or burst points 
XBA(I), YBA(I) computed in subroutine MPLACE into the wind coordinate 
system with an origin coincident with that of the earth fixed system and 
an X-axis in the wind direction. In this subroutine the index I covers 
all rounds fired, WVU1 and WVU2 are the direction cosines between axes. 
The choice of wind axes is made to facilitate the integration of smoke 
densities along selected lines of sight in Subroutine LCON. 

B.9 SUBROUTINE TIME 

Subroutine TIME is executed at each successive period MT, 
selected in MAIN, for a total of NT periods. At each period, the 
quantity AGE represents the age of all volleys or bursts in the program. 
The function MUNGRP is the chronological order of these volleys of 
bursts and is used as an index for identifying successive values of 
burst sigmas. The location of each burst at period MT is calculated 
in the earth axes system and given as XCENT(I), YCENT(I), where the 
index I is the burst number. XCENTP(I) is the location of the burst 
point in the wind axes system. Finally, the maximum component crx^(i), 
aYA(n of each burst after resolution into the wind axes system 
is calculated for each program time interval, MUNGRP. 
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B.10 SUBROUTINE SIZE 

Subroutine SIZE establishes the boundaries of a rectangle, in 
the earth axes system, which encloses all bursts to be delivered. The 
rectangle dimensions are determined by examining the ±4aXA and 

±^ayn 
values of these bursts and selecting maximum values. This rectangular 
area serves as an exploratory region for determining smoke concentrations, 
(see Figure 3). 

B.ll SUBROUTINE MXMIN 

Subroutine MXMIN determines a set of lateral limits y\, yi* 
which are used for establishing the array of observer "look" lines in 
Subroutine CALC. These "look" lines pass through the ±3^ coordinates 
of the extreme bursts of the cloud. Since the slope of these "look" 
lines is needed, the lateral points yi, y2, are calculated at a selected 
distance YTLINE downrange in the earth axes system. 

B.12 SUBROUTINE MATCON 

Subroutine MATCON takes the ±4o dimensions of the smoke 
rectangle from Subroutine SIZE and determines a 40 X 40 array of x-y 
coordinates within these limits. These coordinates are then resolved 
into the wind axes system. By calling Subroutine DENSTY, the concen- 
tration of smoke in milligrams per cubic meter at each coordinate is 
computed. This concentration is designated by the symbol C0NMAT(I, J) 
which is the same as CON used in subroutine DENSTY. 

B.13 SUBROUTINE DENSTY 

Subroutine DENSTY determines the total concentration of ob- 
scurant in milligrams per cubic meter due to all bursts at each of the 
40 x 40 array of points calculated in Subroutine MATCOM. The Mass 
concentration at each point is calculated by the expression given in 
Equation (2.3). The transport of the cloud is determined by the expression 

X = XP -XCENTP 

where XCENTP is the burst's centroid location measured in the wind axes 
system and obtained from Subroutine TIME. XP, YP, and ZP refer to the 
array of points obtained from Subroutine MATCON. No transport is de- 
veloped in the YCENTP and ZCENTP directions which are normal to the wind 
velocity. 

B.14 SUBROUTINE MATCL 

Subroutine MATCL is a supplementary procedure for examining 
the concentration of smoke agent along numerous lines of sight passing 
through the exploratory rectangular area established in Subroutine SIZE. 
Two functions are performed in this Subroutine, they are: 
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a. Along the lower boundary of the rectangle, 40 points are 
selected each of which will be used as the source of a family of "look" 
lines extending to all of the 40 points on the upper boundary. 

b. The source coordinates of each line and the line's direc- 
tion cosines are transformed from the earth axes to the wind axes. 
After this. Subroutine LCON is called to determine the integrated concen- 
tration of the obscurant along each line. This is noted as CONLIN (I,J) 
in milligrams per square meter. 

B.15 SUBROUTINE LCON 

Subroutine LCON integrates the mass of obscurants along each 
"look" line, through the gaussian density distributions of each burst 
for each time period MT. The "look" lines are determined in Subroutine 
MATCL. Mass concentrations along specific "look" lines originating from 
a fixed observer position and determined in Subroutine CALC also employ 
LCON. The line concentration is given in milligrams per square meter 
and is computed in accordance with the following equation: 

NBURST 

T0TLNG= I   vioil)a%ail)*Jz*^{ 
1 

X\       I y\       t z\       / A 

(y+s:Dnrnt)2 <!imw-f\ 

l[Vx+S*D 
2^  ax 

Dx-xcent \ 
U)     / 

where DX, DY and DZ are direction cosines and A and S are functions of 
the burst centroid location and its standard deviations and are defined 
in the program listing. Wind axes are used. 

B.16 SUBROUTINE CALC 

Subroutine CALC determines the visibility through all parts of 
the smoke cloud from an observer location XOBS, YOBS. Lines of sight 
are selected to various points incrementally spaced a distance ZINC 
apart and located at a distance YTLINE from the observer. Along each 
line, the mass of smoke agent is computed by calling Subroutine LCON. 
Each line of sight which permits observation through the cloud contributes 
a length of XINC to a "hole" size in that cloud. The total length of 
the cloud is defined as the distance between the extreme point through 
which obscurance first occurs and last occurs. Figure 13 shows the 
construction of the observer-cloud geometry treated in Subroutine CALC. 
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B.17 SUBROUTINE VEVAL 

Subroutine VEVAL computes the left and right extremes of the 
obscuring screen LY, RY; the screen length, SLY; and the accumulated 
hole size, SH across the screen. In preparation for statistical averaging, 
the summation of the square of these quantities is determined for specific 
periods MT for each replication of the program KI. The initialization 
of these quantities has already been established in Subroutine CLEAR. 
The quantity NSAMM, which defines the number of times no screen is 
detected, is also calculated. 

B.18 SUBROUTINE CALPRT 

Subroutine CALPRT sums up the main results of the program by 
averaging the screen length, SSL; "hole" size, SSH; and the left and 
right coordinates of the cloud, SLY and SRY respectively, at each 
specific period MT for a total of KI replications of the program. 
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APPENDIX C 

DESCRIPTION OF SUBROUTINES FOR HC MUNITIONS 

C.l GENERAL 

The subroutine for HC munitions are similar to those for WP 
munitions. There are two significant differences. First, the HC smoke 
cloud is defined as a series of small periodic bursts or puffs origina- 
ting at the point of the munition's impact. The number of bursts and 
the elapsed time between them is defined as NPUFTL and TINCR respec- 
tively. Representative values for these quantities used in the past are 
120 bursts at 1 second intervals. Secondly, for those cases where the 
munition contains a number of submunitions, the latter are dispersed 
radially in accordance with a selected non-linear distribution and 
dispersed directionally according to a uniform distribution. Flow charts 
for the HC program are given in Appendix D. 

C.2 HC PROGRAM, MAIN 

MAIN HC contains essentially the same subroutines as MAIN WP. 
These similarities include provisions for calculating the concentration 
length thresholds for various sensors (NDEVIC) so that more than one 
device can be handled in one run. Also the earth fixed axes is assumed 
to be aligned along the line of fire of the delivery weapon thereby 
eliminating the weapon axes system. 

C.3 SUBROUTINE STCL 

This subroutine is also similar to that of the WP program 
except that the fill weight per puff, rather than fill weight per muni- 
tion, is considered. Also the time between puffs, TINCR, is identified. 

C.4 SUBROUTINE CLEAR 

As in the corresponding WP subroutine, CLEAR sets initial 
values of statistical variables to zero. 

C.5 SUBROUTINE MPLACE 

In addition to placing the munitions in accordance with firing 
accuracy, the HC subroutine also places the submunitions in accordance 
with the radial and directional distribution of these quantities. This 
subroutine calls NORAN and MUNDSP to identify all errors. 

C.6 SUBROUTINE NORAN 

As in the WP program, NORAN determines the aiming error and 
precision errors of each round delivered. 
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C.7 SUBROUTINE MUNDSP 

Scatterable submunitions contained in certain projectiles are 
placed in accordance with radial and directional distribution functions. 
As already stated. Subroutine MUNDSP determines these locations using a 
nonlinear and uniform distribution respectively. These displacements 
are used in Subroutine MPLACE along with the aiming and precision errors 
from Subroutine NORAN to define the impact points for all submunitions. 

C.8 SUBROUTINE CONBST 

This subroutine is identical to that of the WP program. The 
impact points of the submunitions are transformed from the earth axes to 
the wind axes system. 

C.9 SUBROUTINE TIME 

Subroutine TIME for HC munitions has been expanded over the 
corresponding Subroutine for WP smoke. As before, the displacement and 
diffusion of the puffs are computed as a function of time. In addition, 
the location and size of the first and last puff of each submunitions 
are determined in order to define the extremeties of the cloud in 
Subroutine SIZE. 

CIO SUBROUTINE CON  . 

Subroutine CON, the location of the first and last puff from 
subroutine TIME are transformed to the earth axes system. 

C.ll SUBROUTINE SIZE 

Subroutine SIZE establishes the boundaries of an exploratory 
rectangle in the wind axis system. The rectangle is determined by the 
±4a values of the extreme puffs considering all of the submunitions of 
the delivered load. 

C.12 SUBROUTINE MXMIN 

As in the corresponding subroutine for WP smoke, this program 
determines the lateral limits, now called XMIN and XMAX, used for 
establishing an array of observer look lines. These "look" lines are 
bounded by the ±40 coordinates of the extreme puffs determined from 
Subroutine SIZE. These lateral limits are calculated using their slopes 
to the origin, RATMN and RATMX. 

C.13 SUBROUTINE MATCON 

This Subroutine is identical to that for WP smoke. A 40 x 40 
array of x-y coordinates are located within the limits of the exploratory 
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rectangle taken from Subroutine SIZE. These points are then resolved 
into the wind axes system. By calling Subroutine DENSTY, the concen- 
tration of smoke in milligrams per cubic meter at each coordinate is 
computed and noted by the symbol CONMAT. 

C.14 SUBROUTINE DENSTY 

DENSTY calculates the displacement of any point, XP, YP, IP  in 
the wind axes system from the munition burst points. DENSTY then calls 
Subroutine DENM to determine the density of smoke at each of the desired 
points due to the individual effects of all puffs in the field. 

C.15 SUBROUTINE DENM 

The integration of the individual densities of all puffs in 
the field is performed by Subroutine DENM at the points of interest. 
The densities of all puffs at all points are computed in Subroutine 
DENPF. 

C.16 SUBROUTINE DENPF 

The density of smoke at any point x, y, z for each puff of 
each submunition is calculated by this subroutine. 

C.17 SUBROUTINE MATCL 

This subroutine is identical to the corresponding subroutine 
for the WP program. MATCL is a supplementary procedure for examining 
concentration of smoke agent along numerous lines of sight passing 
through the exploratory rectangular area established in Subroutine SIZE. 
Two functions are performed in this Subroutine, they are: 

a. Along the lower boundary of the rectangle, 40 points are 
selected each of which will be used as the source of a family of "look" 
lines extending to all of the 40 points on the upper boundary. 

b. The source coordinates of each line and the line's direc- 
tion cosines are transformed from the earth axes to the wind axes. After 
this. Subroutine LCON is called to determine the integrated concentra- 
tion of the obscurant along each line. This is noted as CONLIN (I,J) in 
milligrams per square meter. 

CIS SUBROUTINE LCON 

LCON computes the displacement of the exploratory point x, y, 
z (called POX, POY, POZ) from the submunition burst point. Using this 
information and the slope of the LOS from the observer to that point, 
integration of all smoke densities along the designated line is per- 
formed by calling Subroutine LCONM. The concentration along the LOS is 
called TOTLNC in these Subroutines. 
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C.19 SUBROUTINE LCONM 

Subroutine LCONM integrates through the puffs of each sub- 
munition or burst along the LOS defined by a point (POX, POY, POZ) 
and the slope through that point to the observers position. LCONM 
calls Subroutine LCONPF for supplementary calculations in carrying out 
the integration. 

C.20 SUBROUTINE LCONPF 

The total mass of smoke along the observer's LOS is determined 
by integrating through the Gaussian trivariate distribution of each puff 
in turn. LCONPF performs supplementary calculations for use in Subroutine 
LCONM. 

C.21 SUBROUTINE CALC 

Subroutine CALC for the HC program is identical to that for the 
WP program. CALC determines the visibility through all parts of the 
smoke cloud from an observer location XOBS, YOBS. Lines of sight are 
selected to various points incrementally spaced a distance XINC apart 
and located at a distance YTLINE from the observer. Along each line, 
the mass of smoke agent is computed by calling Subroutine LCON. Each 
line of sight which permits observation through the cloud contributes a 
length XINC to a "hole" size in that cloud. The total length of the 
cloud is defined as the distance between the extreme points through 
which obscurance first occurs and last occurs. Figure 13 shows the 
construction of the observer-cloud geometry treated in Subroutine CALC. 

C.22 SUBROUTINE ENDPTS 

ENDPTS compiles statistical information on the left and right 
extremes (±4a values) of the exploratory rectangle defined in Sub- 
routine SIZE. This information is used in Subroutine CALPRT to deter- 
mine the average location and standard deviation of the upward and down- 
wind boundaries of this rectangle at each time the smoke screen is ex- 
amined (SNAP time). This information was meant for future use of the 
program and contributes little to any results as it is presently listed. 

C.23 SUBROUTINE VEVAL 

Subroutine VEVAL for the HC program is identical to that for 
the WP program. This subroutine computes the left and right extremes of 
the obscuring screen LY, RY; the screen length, SLY; and the accumulated 
hole size, SH across the screen. In preparation for statistical averaging, 
the summation of the square of these quantities is determined for specific 
periods MT for each replication of the program, KI. The initial quantities 
have already been established in Subroutine CLEAR. The quantity NSAMM, 
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which defines the number of times no screen is detected, is also calcu- 
lated and used in adjusting statistical computations in Subroutine CALPRT, 

C.24 SUBROUTINE CALPRT 

The main results of the program are given in CALPRT. These 
are obtained by averaging the screen length, SSL; "hole" size, SSH; and 
the left and right coordinates of the cloud, SLY and SRY respectively, 
at each specific period MT for a total of KI replications of the pro- 
gram. In addition, CALPRT uses information from Subroutine ENDPTS to 
determine the probablelocations of the exploratory rectangle established 
in Subroutine SIZE. 
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MODEL FLOW CHARTS 
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MUf^^AP  ^.Z^OteCMU^/) 

IP (HU*J<S,P.P .L6. O) GO t*   4.00 

Y   ■   VP -, yce wTP 

Z    =    2P   -: ZBtMUWJ 

ip-(co*/.i.r: -zs:) (So rx> if? 

cotj =.CO*J f fsucrr(MUMS**)*SXP(*»***) 

3^1  :  
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^ugAoortve MATCL.   (ii *LQW, XHISH, VLOW, YHIGH) 

VI = ytow 

Yi « YHKM 

D-E » o 

Do uao Is I, 4e> T 

(E)=       ^  *  ^XHVtH -XLOw)tXLOVi/ 
Ao 

Q- J 

D* iroo   X* I, f ^ 

4o 

f 1 rooj- 

Do icoo  Xxli^*  •• 

Do IHoo   Jal, 4<> 

Ox » («(T) -xiCt))/Di3r 
? 

<? 

OY  -s    (Yi -vi )/Disr n 
X   »  y/VUI * XI Cl-^  + WVUZ *  YLOW 

y   * - wv/Ol. jf X| (rV*-wv/ui » ytow 

DXl» x WVO.I 4r ox + wvoi* oy 

D^ P *■ -WVUi* DX + WU/«OY 

CAUU LCO*J ^X, /, -h, CPX, opy,Oi,cou) 

CowuitJCLJ^ * ^oN 

DIST ^   [^X2CI)- XlU))'*^ Yi-YO'']* 

ft»ru«LM 

(i)(i) 
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So>&eourj/or CL^LC C^OSS, yoss^i^ vnivffj XMIU, XMAXJ C*TTN, CLTHHS) 

XR. = AH IM I ^CUTOF*., XMAX) 

|X B.SHT= IMT((XfZ.-CUTori.)/*IWc)-f I 

cx>3i  IP= ixLepr; ixe^KT 

X   - XI>JC * FU»*iT<lP-l) t COToPL. 

Dx-   -   X -  XOftS 

Oy     -   YTLive   - yeas 

D4     =    o 

VMA<3    a  {^ OX1"*- DVT*   D?*   ] —»   T V 

DX   =     DX/v>1«\rf, 

© 

0 9 
PXP » wvtM»px + w^ya-oy 

OY P » - wvu.i * o^ *■ woi » oy 

/fi(r0r-c*sc.<*e, ci-TH/as) (So TO 33 

V^tP)  . b 

Co To  31 

0 
VCtP^ =:   1,0 

jaeruRu 

(Sg^ Tt»tu) 

(OMCJ 

0-  J 
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SuaeouT/tJf   LCQKJ ( Pox, poy, t>o\ ,D* . DY . e>* ,Tori-*Jc) 

TorLHC  =. o 

Oa 3^  tJ •! , uauasr- 

ZilAAetM) 
I 

/P(Z.t.f.o)   <ic re   ¥00 

/f=(cr„CL) ,Le. o^ ^o TO yw 

A » C ox/cn.6I)),■*• (o//crvcti)^(oi/<r,cny 

B « DX * ^ Pox -xceMTPOO/^*^11-) 
+ DY*CP(»y - ycr»JTP(^J)/<SVdti- 

s = -BA 

t- apis- zstA/Jj/JiCr))1' 

ct = C--^*cJ 

//=• ^cc - ue. -zr) GO TD s5?? 

P+CLI* *rAe.Tr(r) *(vO*t-*F*P(cc)/A'*- 

roriAjc » xv^c^. I*J+TOTL*JC. 

(urvH-hJ 71 



Soefiour/A/e-  VfVAL C^O 

My »o 

i£(rxa<iHr- ixuepr.L*. Q) <so T© 9jr 

Po /o i * r*Ltfir t TXHSHT •  

'^^vftj .e,«.o3 eo T»  to 

ty a  XI A/C *PLO*T{x-l) + CuToPL 

K • r 

iO   TO      IC 

OiO   TO   4o 

DO   lo    Ja-K,   C^B«**T ♦ -- 

IP ^VC3j.e<9.o )  So -m    io 

JS</ i XIWC »FUO/%T(;i-l)   +CUTOPL 

ft.ii.nr 

72 



SuaAourifiJ*    V£VAL.    (covr.) 

*i.x, (Ry -ty 

/f= {St.  . «C».o3   SO  T* •« 

SSL^tl)* ssuCnJ ♦• $L ^ ^aavu U»MI,THIJ 

S»U$ ^t»^ » MUi^tlJ 1- St* Xi- 

yi-y^ti) = si-ycti)* «.y £Ci*Pr SMO OP stft#r»ij 

SI-VS^EI) = styj^n)* Lv«Ly 

SRy<xi<) »ja.y(ci)* dY     lc«:»«• oric^*-) 

iRys ^rO *s«tYi^ci) <- P-y* ny 

Do   3*  r« K,^ 

l*» (VCS).W». >'<»)   *«» T11* IO 

SH s  iw 4- XtUC 

©- 
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S u t&jzeu r/ v f J/m/A L fcatJ r.) 

SSHC^O  -  SSHCtO  ♦"  SM ^ {Moc«iUS^ 

5SHS (^ri) =. ssw^CrO   ■»■ SH* SH 

<5o TO   ro 

I5AMM  Ctl)    SN»S«MM<1I0    ♦< 

Do   bo   £=1,(00     «■  
X- 

'F ^SL .^C. Le^Ct)) So-re 4e 

DSL^n.rj = DSLCIM) + (•<> 

d»0 TO    la 

|2C"rc/ia.*J 

MS'VM^^rO »MS«M»-»C^O ♦"' 

R-e-rufrKi 74 



Sua/eourt**   CALPRT (^SAMP, MT. SVAP, wai^vr) 

Do S'ao Z* /, A>T* 

AJSAIPI   « sJS*nP-AJSAH/i(l) 

I* (tJS.G'iri.Lf. 1)  Co ra  sr/f 

_ 1/ 

1/4. 

sny (z) * S*Y i^/vsArrP/. 

S3i CX)x SSLCr)/fiSS*MP        Avr i.cjn*u. LT#. 

oo £3o r*/, vr 

SriMf s ^2 -0 » SAJAf* 

J"* Miuo(tJvoL> t* i"r(sriHC/vr)) 

CT^ *r. coom.o. 

C"^ HaLf Sit* 

G", scasru LTM. 

4CT.  \/«U.lMS-fz'*SO 
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CAUL V_CON C^os^oes^^ 

HIMC s .r# XIMC ^ 

IF(ASS<;x) .^e. I4»MC)  Gom ^-£ 

HOTLSiC.   =.TQTLr«iC / 

S ADD 

001^  tfi-1, Moewfz— 

T 
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MAIN     HC 

\IEA D 

U.«t, £ ^•ty 5AO 

WVUI_WV02. (iei_ 
yiei-o RDISP 

Qhuu XTLIMg- 
QURUT CUTOFL 

Moevic CUTOFR 

CATTUaa) XT> yx 
THa.es. C-LR.) XIMC 
Njerv/^ VMPR 2 
*IDg*,\.Oi cTxs 

yiDEAuCJ) Cys 

iioe-Au(jj **S 

M5A>-i P xoss. yoas 
WVOL ysuwr 
NT, OTj DL 

VT^,   SWAP 
(TQIL _, Cso 

CALL STCL (qwukj,: ■'lELO, Stitt-MT, Ot, 0, LlJ 

Do \S7  I » i j/jorvic 

CLTHBS(I) = ALO<si( V THa e^Cr^/c-cATTNti)} 

fe) 

HSB-STA  - fijvol.* rtRPV* NnPR. 

I ►   Do 3^1   IT=-I,  NT 

T   - FLOAT (IT)  *   SNAP 

CALL TIME 0") 

CALL Co N 
CALL Sl?E C^LOW, XHICH^, YLOW^VHIOVH) 

CALL MXMiM ( VTLINS^ XMIM.XMAX) 

CALL MAT CON (^z-, xLow.xHicH.yLov/.yHicH) 

CALL MATCL (Z.XLOW.XHIGH, >fc>Qs^ysLiNe) 
r^i i   TAl C /xoas.yoa^v yTLiwf. XM^,*«A» 

CALL EMDPT5(xMiM/XMAyJrT) 

I* Do 2.9? rs. - I , Noevic 

CALL VEV^L-(IT,TR.) 

 Z«¥| 

 311 

CALL CLfAfi CDL) 

DO  lOOO    Kl-ljMiAMP-      -* 1 CALL CALPRTI,      UVOU, \>r, hjoe^fie. ) 

CALL. MPLACfCNvoL^vRPVj MMnt,vT,xT,yrJ 

CALL COM 3ST 

STO p 

e w o 
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Suataoa-nMe   STCL (oMo^yieto.QTiME ^ ^ UP) 

PUl=-r  *  FLOAT (WPOPTL.) 

WMOSPO .s__aP 

= yoo 

I oo 

J-   -lo 

(£b) 
v* 
VP 

fc^eroc « -i— ^ *-QMOU it ywruo ♦  

TTMCR.  « STlMGy'poF-T 

dETuaw 
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SuaAourtue   CL£A /l ( OL) 

oo aoo t»i, i«o 

UffMCX.)   mOLa X 

 I 

DO l%0 X »  /j rt» 

HI * C*) * o 

e*r*LClJ »• o 

MKTXLSC*) »o 

r*rxa.cr) »« 

^■jrr^i«5^t) -o 

^o //« J* */, s 

AJS^HflCr,Z»i*0 

SiuCr.ia,)  xo 

£.s i x ("r, 2*3 • • 

siy CT,r*.j*.o 

SLYsfarm *o 

s*yCr.TiL.) =.© 

f/a-vs (fr, raj^o 

OO   /OX*   U. :  I; /*<* 

DSLtZfT*,*} •O 

i.x)-  _J 

I 
iSHiCz.ZfL) «.o 

 I 
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SuaaouriNS  MPLACE (nvou, vaj**; NWAJ vr, yr^r) 

CALL  MORAW  (g.,(r»a E.CAQ) 

YCA - Yr-t-R. 

£5©   321   J» /.   fiJVOL. 

ri/lSTTM s ii-i)* vr 

Do 3o J-z. i, HAPy   ■*■ 

trd&nNrCourt). <s r. Ret.) c^o TO ^O 

CALL HO/ZAH (R-jGr^E.KQ^ 

xcB.t> = A-CA.-I-xioeAuCl3>£ 

vcn-o = ycA* yj_DrAL^3> R. 

Do a©   K~ i^ NMPR. , 

MUA/A/O *-(X.-\) * NRPV*MMrn. ■f-CJ'-i)JtA,*f'>A ''-* 

CALL MUMDSP (Roispj xnuNty/iu^ 

/"- 

J 

J 
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5uB*oun/U(r   KOft^M (il .GV.D^B) 

o 
X s «AM^(OUM) 

IP (x.ur.a)  60 T»  I 

A  • [-2.0*AUo«,<.)] 

3 :« IT* W^FODU^J 

D-A^ ^*COJC»} 

fir-ruau 
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SuBAourifJe' MUNOSP (^/z.xfiw, X^UAJJ 

77*£TA "JET* RANP (DUM) 

jBeruRU 
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Sva&ouT'"uc CIONSST 

/V3I/*ST a hja*^rA 

Do /t>o   Z* I,/■JAOSTA.   * -I 
I 

yj54r> = -vyvu 2.* XBA^r) v wyu( * yBAU) 

«B^ ■   ZBACO 

TO a-) * TBACL> 

J 

R€TO(»N 
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Soatiovr/pe   T/MT (T) 

F^KG e = -/ooo 

>*ij*4<i a.p = o 

Oo JL99   /*U/J *■ I, fiJauA-ST     ■*  1 

ACAE" =  T-TQ(_MU/>J) 

IP fc^tr - 'U'S"- P*A€^  <S<* To   >SX> 

Z*e>rCMu*j) = MUfiJQO-P 

do   TO   S.of 

MOHe,a.(i ~M\j*t6n.p +-( 

lAGeC^oro^s HOU^RP 

p-sfi, e - A<ie 

PoiS^   X-ljiio    "* \ 

T*J = A^e"- Ti NJC R. -)t FLOAT (^X- 0 

F^TW, ue'.o'i    60 Tt>   ^e 

XceMTCiiONSJtp^ L)= vutooSPO *TW 
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SuBAoorive   TIMS'   fco*jrnjueo) 

O^CM^^P, x) = ^[^P^*-^-41]' 

WuftSpD •TW -t-Bl  Tx 

] /do 

WMDSP0*7W«-CI 1 9 r 

0(? 
I 

HPui=-f:(f-iu»itsla.t>\   - /i 

So TO   2io 

e 
fiJPupr^MtMJQIlf^ s   £-/ 

IP {IHPUW Cnv*C,a.t'y. Lf.o)  CO TO 2.SO 

NP*   a   HPl/rfZCMmJaAP') 
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SuQ&our/ve'    T7fi/lC ^co^Tf/^Uco^ 

ML OCX CM UMy^XCJrHTCw**'* **"} 4-XaCM UAJ) 

AJtocv Cnuv) » ys (MUA/J 

Mi-ociCmJ/j}sz.e,CHUH)   

do -m zqq 

MPue? (_HuuQi».py = o 
BLasjtCMUAj)   * o 

PLCtdCMUtJ}     *,O 

psir-y Otu&S  tt A. 
fsat CHUM} ^»-ja 
/JCO<Lx(*fU*xy     »  O- 
AM-ocyCMv**) ■  ~ o- 

mit/CHUVj       M  O, 
AJ£f»i CNV") -   O 

J 
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Sua/Za07'/*J&     Co A/ 

Oo too i « i^A/aumsT 

MUX. *-A (r) = A/A«9C tCT) 

^ocxA^r) * wvi//^ ^-iecxCcJ -wva/Z* Pt-ocvCz) 

F si aUfAllSi » >rj / ? y ft) 

firrur*4J 
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3o3/ZOUr"VF    SHE" (^XLa-*/. <HIQH, yco*/, yuKHj 

XHIGH* -I•to1 

ytow » U.LO 

DO   /O  I - / , USUBST 

resr -HLOCKCC) -yn vstixd) 

/fi^mr. &-. xie*/) XLOVS • resr 

IP Crssr. <ST. *** #j AMI* H *Tesr 

IPCres-r.i.r. *t**vj x^u^s rrsr 

/p CTesr.Gr.xHi**} XHi^H^resr 

T€iT a Pi.oC *(£) -4* PSI1* Cl) 

/s* {resr.IT, xiow}  XLOW-Tttr 

/pCretr.sr.x.mtH) xHisn-TfsT 

7"<rs r*. Pi exzx (c) ■*-'f * PSI tx Ct 

IP C TE%T. CT. XLOusJ   XLOW »• TFiT 

© 

© © 

i?(resr. LT. ytaw) yta*/ *resr 

/p (resr.ar. yMi<t+) ynfan sresr 

resr » A/iacycz) + f*Ms> ? y^cj 

spfnesr./ir. yutw) yLaw- resr 

/^Cresr^r.yHKiH) YHm^-resr 

ifrXreiT. w, YLOW) yu*/ * res r 

seCresr^nyrtKHJ ymtH-Tesx 

resr • Fuxi ycr) i-i-* PSityCc) 

'FCresr.ir.ytowj ycoi*y-resr 

/^{res r. ^77 /HI* *J y* w H » TWi T 

eerua-u 
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•^UQ/Zout-zug  MXMlht ( yruu* , */*nu, *HAi*^ 

po 10 r» f> fSuazT     *- , 

//=■ (ASLOCV(x) . ea) .o)   &o ro x" 

tfr(AATL ■ <S r: OAXfl*)   fl^TMX « /Z* TL. 

JF (FuxzyCz) .fo.o)   do  7t> /a 

)p C &4TI. .<iT. AATM*')  BATM*  * AATi. 

OAT* s.(eu>cxCzl ++* fs'**C2.j)/&-oc/a:J 

IF(tATH .LT. fiATMX)    /IATMX   • A4>T// 
,1* (BArH .QT. fiAXrue) fiATMX * fiAr* 

KM A* * yruH* *KATM*. 

atruAjo 
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ouafi-ooTiue   MATC&/U [2.KLOUJ,*HI**. VU><JJ.ym$*^ 

Do fioo ft. I j ■io     U 

xcoaoCi)* PLOAT ^x)«(^' A©) * (*w<,*-*i-ow) ■»• XLOW 

DO  iroo   1  a   I, 40       "* 

yco^-o Ci) - FLO/XTU-O "(•Ao) * (ywt<iH -ytow} + viaw 

f 1 racy—  I 

Do Z-Joo   I ^1^0   p — 

Do 2>to<» J =   \ '*o   r 

CALL D^MSTV ^7,1,00^) 

I COM MAT Ci,:) ^ce^ 
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SuBftour/Me D£"NJSTY ( XP. ^P, zp.cojg) 

CON * o 

Do Z^H   HON «   /, N8u/tsr ♦ - 

nus/qap =  jA<5€"^A7t/A/ 

Nfi^l   =.   HPU/S& (/*7<J*/<; HP) 

//C (NPr*l .  L.£. O)    <$o   TO   3<t<f 

X   =■  xp   - XB(nuN) 

2^2?   -£B(MUN; 

CALL De"NM (MC/HGRP, X, Y, J^COMM) 

CONI  *CafiJ -t-CONM 

9] 



SuaeouTius   OENM (MUNPJ *r,Vf> ^P, CO/O) 

HUM   -   ML>NP 

COM » o 

NPM=   ^Po/pp^yrj) 

ip(NPM.Lff.o)   CaOTO 3^*? 

P ( y . LS".  XCEMTCMUM, WPM)-4-»S^X^MtlM/MPM)  60TO2^<} 

{P dX.^f, XCeMTCHUM,  l)   -4 jrSI^XCMOM.I  )   SO   TO   3^ 

IP^MPM .^S". ^') <So TO 3ia 

Do  3/0   I -1^ NPM 

c^>-u OFNPP^HUN, i^reKh) 



S OS 00 uri v a   £)£W A7    (caurttJ oe&J 

DS raPP » C*£Wr('*utJt 1) - xarnr (MU*/, ^P/^)/FLOI\T'(^PM-I') 

MrtiO mfacmHrfHtM**!) -i<)/DSTaP/r y-i. 

KLe/er s tmio 

Hfn<iHr - rtfinio -1 

1 p- (w.eer, i.e-.o') *"■ ^^f s. / 

IPtHLg-fSr .QT, HPH) 4o TO   ,?70 

CALL    OB'NPP  (MU*, A/Lf^T-, T€**( 

COKI •=. OorJ •♦-TeiiAi 

MUE PT a N/i-FFr +» 

/P^rffrt.^ .<3*". o) So ro  .?4< 

93 



Soai^joUTff-JS'   D6rNf*1   {cot^rthJoeoj 

/e (NAICHr . a K f**M) hlUKiHT s -V-o/y 

/* {N/i.l<iH-r,t.F,cd     Ca   TO   39^ 

c>vi-i_ OEHPP (HU*, Hiusur, reit^t) 

CO*J aco»o + -reftH 

A</a/6 wr = A/«/^ «r -/ : 

/ p (rrrtM .ae.o)  <so T-O 37J- 

rzerua.*) 
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Svanoorisir  DEMPF (MUKJIIJ r/;cou) 

i «. LP 

MUf4   a.MU'JP 

COfO so 

CON>M » 

l p (CONM .Le. -is) 60 TO zso 

COW s  FACTT ^ HOU, tj v CX P ^COls^Oj 

Pfrod tJ 
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SuaeoaTiMe-   NATCL CJ.XLOW.XHKSHJ YLOW, YH\4.H) 

XI - Yi-ow 
Y2 » YHUiH 

1 
Do uoo £ * L ^o 

XT (t) « FLOAT(l-t) tCVAa)* C*™** ->ftoW )+ XLO\»/ 

-I 

/JO /roo la /, ^o 

XZ(1) sFlQAT^I-l^CAoj^^HlftH -Xloy/j-^i-ow 

Do afoo  lalj^o   *• 

Do 24o<» Jx 1,^6   ♦ 

g/sr « SQg-r U X2CD- xiCrjA (V^ - y/JI 

DY = {ya-YO/oiST 

X » WVUJ * X\ Ct) + WVUi » YLov/ 

Y = -wvoi*xUt)+wvu/» VLOW 

DXP a WVU|*{>X+-v/vUr* OY 

DYP --wyu2.*ox*-yvf I ■• OY 

CA.LJ- LCOhJOM.^OXP^p, D?,CoM) 

COWUIM (1,3) =CO»J 
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SoaAovriHs LCON (POKP, Pctp, &,*/>, u*f>.orp, u^pj TOTLHC) 

TOTLA/C    a    O 

Oo 4W  MU*J-IjNBuAlT *- 

AfVAJtrtP = J*<»e(H<J*i) 

HPM   z   UPUPP {MU'*l<jm.P) 

/f (NP* . US', o)    <PO   TQ   4T) 

Poye -JtoK/t-xQ (MUN) 

poi   * PoiP - i Q Cnu*) 

CALL LCO^M (WCIP.PQ*'Por.pQi-^XjUY.^av7awf)| 

roTLhtc •* TOTLNC t Tein 

4^ 1  

I gETORrj] 
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SuGAourttJe   ICONW   (MONPJ POKC. payPj Po*p, 0*P. OYP, O^ TUTLUC) 

pox i poxP 

P6»  ? Po^P 

PX a DXP 

ftt.»PYP 
Di -0*P 

/ft/A/s   MUNP 

MPM - /Ti/Aff/fu/y) 

ToT-Cl. «  O 

/ftrti**! .L£.O) 60 ro vte 

VL - xcstir OIOH, urn) 

VJ s xcenrfMufjiJ 

IP (DI .£Q.O) SO TO AIO 

S = -PoY/OY 

XlMTeR = Pa^-^ S*DX 

PSTQPP »Cvu-y/c)/FUOA,T(*PM -t) 

NHIO *CS/U- XIHTFty/OST&PF » 2L 

E LffFr a.MHIO D 
WBtCHr ***MIO -1 

p C reit-M - L f. .0-o» ) <go ro -4^0 

H&JGHT- HIZJ 
<So T* ^To 
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^SuQUount^ff    LCOhJs*1    {coNrmuKo) 

/>/ltlSHr-m- KPM 

CAiU- LCONPeCw, *Ai«nr. Tem) 

IP (TFILhl .LF.O.Ot} Cao  T& 4^0 

NL^-isy- ******* *-/ 

(So   Tft   M7o 

TOTCC - O 

do   TO A^o 

ic(fifLeer. QK HPM) <3<» T» 4eo 

I = */*• 

CAi-i. LCOHRP (MU^) T, rcnj«t) 

ToTCL r^T^TCU.  + rffltH 

HLef-r*HiLtFTi-[ 

IP{re#-*i . «£■. o.o/) <5o ro-no 

i/s{*i&*Hr. 4r. HPM} *t*>*Hr » /v^«f 

if:(H*i<iHr. L.e.o) <so T* ^^o 

j = /V/a/4 ^7" 

Otc LCQNPp(^ru^, I, TVAn) 

TorcL. » TOTCC-* TTT/a/y 

"M-ISHT =/V/e/<j/*r- / 

lfi{TW**i . <S tf. 0.0/ ) 60 T* 4^^- 

roTL/VC =  TOTCL 

neru HH 
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SoSftOOTloe       LCOh*PF(fiiuMP,IPtp/=LK/c) 

r * tp 

MOM   %Mt/NP 

PP-L^IC    S   O 

A   = 

S - Dx*(P'='X-xcewr^Muu,t)/5i6x (MOM, r) 

S  - - B/A 

pMX = P<ax -«- 5* DX 

PMV  S Po.Y  -*■ S« DY 
P H *   > Po-2. ^ S * O ^ 

[CPMX-XCGWT(MU^lJ)/^l<5><^0>J't)] 

Cc  « -.•S'«C 

IF (cc .UE,-2jr) Go TO i^-? 

PPUNC = FACTT^MU»J,I) x ^.r^ifc^fi-xP^cO/A^ 

W-erup-iJ 
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SuB^OUTIMC     CALC    (j<oaS. YOBS, l.yTLlHe^MKJ, JC^AX, NO^VIC.CCTHRS) 

XL  a AM/O<(CuT0Pl., XMIM) 

xp. • AMtN (cuToPR,   XMA.X.) 

IXLCFT = IMT (^XI.-C:UTOPL)/XIHC)-»-I 

i xR<;wr - IMT (x|^.-<:uroPL)/Xl^4c3+l 

Oo 31     IPs IXLEPr, IXMHT n 

X   "-XIMC*   FLOAT (iP-l) +CUTOPL 

DX      »      X -    XOBS 

P7      =     o 

VMA^   « [ DXV+ OY +-D£ ]  l 

DX   =  Dx/VMAc^ 

DY    =  0Y/VMA6, 

Ol    =   D*/VMA^ 

DXP = WVL/I * ox + wvuz.« oy 

DYP   « -w vi/i •• DX + WVUI •» OY 

CALL     LCON4 (xos^.^ft^a 

- Dxp, Dyp, D^.ToruMc ^ 

Do I"!  1ft a i , HO*vic «■  

vOP.le) = o 

VP 6TP, tai » i.o 

UCTUftM 
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Suaxoorive   EMDPTS (*r>,Xi ****,/r) 

IP (*.!**•* ~*t*MN . LC.I.o)   SO TO Zf 

£*T*LCJT) « enrxLCir)* XMI* \ 

e-xT*LS(rr)    - ff-xrxLs.(7r) * xntu **hvrt 

SxixA ^rrj = r*rx/e.OrJ f-xwAX 

FXTXHSOr)  - rxTxtHisr) * XMAX**^** 

izeruntj 

MHC(jr) - HIXCTT)*-! 

IZFTuKtJ 
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Suaeouri^e   VEVAL (u'1*) 

LY  - © 

SM   " o 
SL *, o 

/e(lxK.ciHr~ i*Lerr . ue. o) fio TO 9r 

Oo /o   I * ixLtrr^ ixm.eiHT   *  

ip(v(l,ta.) ,£4.0 Cora /a 

LV s xiuc » FLQ*cr(i-i) + curofi. 

Oo 20 j =.K. ry*6Mr      4. _ _  — 

/r{\/{s,jA) ,£<*. o) 60 TO 20 I 1 

/?y = V/A/C *FloAT(j-i) + CoTofiL 
-1    I 

M » 7 
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Sua*oor/*e   Vf\/AL   (CONK) 

SL = /zy.Ly 

I* fsL .f<5. oj tfo n Ma 

ss L (JI, /aj - ssi (j/, ia) * SL 

S%LS(II,/ie> c s%L(r/.j*.)* SL.*SL\ 

SLJQI, T») zSt.y{jiMja,J + iy\ 

Sl-YSU'.ie.)=SLysa'.IAJ*LY»LY 

sn yd i. JAJ = .s^ r r//. i-«; ■*• ^ /1 

SAYS (II. in) x SAYS (I/. XAj */?/*«/ 

Oo 3o I* k,/*1 

lfi{>/(l.ie.) ifQ.o)4o Tojb 

SH  *■ S H * X/A/C. 1 
So   — 
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ZuttouriN*   VfVAL  (cvr.) 

SSHUl,J*i= SSH(TI.JBJ*SH\ 

SSWS (II,It) ■ SSHS(II,IA)**H.SH 

60   TO   SO 

HS*tm(ZI.TA} *A/S4f»iri('S/Jje)-t'l 

Do &o  I = I, /oo 

l? {sL.qe . LeM(z)) <»o TT» to 

DSC (n,r/i.;!) =■ 0SLCiJ,riLti) *■ 1 

fio TO   fa 

RETU«L K) 

HS*MM (ii, r*) = *s4Hn (r/jiA) + / 

Rerua.u 
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SuBAourtA'e  CALPR.T (*SAf*fi,*T', S^AP, nvou,vry/^ofv/<z) 

DO fog' r* 1, NT 

Oo   J'iO   16 :/ , HPSVC 

HSAMP/ -z HSAMf* - rtSAHt^ Ci.r*') 

IF (/VSAMPI .LF.l) do TO    S'lf 

1/ 

ss H (r. r«J - SSH (i, IP.) /HSAMPI 

siLsCr.r*)* [^ssLs d,/R3 -jf51 (j.t^f/NSAMP)/(NSAMP -t)] 
\ 

ss L("r, ra,) »s*L(i.iii.)/HSAnp 

NIX I s. HSAMP -NI* Cl) 

AC^/V/Mr/ . CC. I ) GOTO Tof 
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SuQfzouTiHe  CALPRT   (con-r.) 

© 

EKTXLCD   *  exrxLCi)/NZ*I 

£XTX/i.(T)   *    £XTXR.(T)/HTX/ 

t>0 S3o  I - I.  NT 

Tr/A-ir = I ar SNAP 

J aAf/^O Cwvot,  »4./MT^Sr(Me/vT)) 

RCTU»W 

107 Next page is blank. 



APPENDIX E 

SOURCE LISTING OF PROGRAM WP MUNITIONS 
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PROORUM  SMOKEWPI INPUT,OUTPUT.TAPEH-INPUTI 

DirCNSION   TITLE(B) ,C*TTN(31 ,TmES( Jl ,CL IHRStJI 

COMMON   CHEL/   XBIBO).YBtSOl,ZB(601,TB160I.NBURST 
COMMON  /REL2/XCENTP(60).YCENTP(B01 

COMMON  /WPSCR/   SlOX (501 ,S10Y(S01 .SIOZ(50) 
COMMON   /WPSCR/   FACTT(S01 

COmON /WPCLD/ FSIOX.FSIOY.FSIGZ 
COMMON /k#»CLD/ DSIOX.DSIOY.DSIOZ 
COMMON /kPCLD/ ASIOX.ASIOY.ASIOZ 
COMMON /WPCLD/ ESIOX.ESIOY.ESIOZ 
COfflON   /V*»CLD/   WOSPO,FACTOR 

COMMON   /ABS/XBA(BQ) ,YBAIB01 ,ZBA(60I .rBA(601 .NBPST* 
COMMON  /ABSS/   XCENT (80) . YCENT (601 , ZCENT (601 
COMMON  /ABS3/   SIOXA (SOI .CIOYAISO) 

COMMON  /TMSCLE/INSNAP.INVOL.DT 
COMMON  /PLACE/   SIOBR.SIOBD.SIOAR.SIOAD, PEL 
COMMON   /PLACE/   XIDEAL(6I , Y1DEAL (61 .Z IDE AL (6) 
COMMON  /l*CIOIR/WVUI ,WVUB 
COTtCM  /AOCIND/   IAOE(60I 
COM10N  /FLDSIT/   CUTOFL .CUTOFR.XINC 

DATA  FSIOX/. IM2/.FS10Y/3.m/.FSIGZ/| .35/ 
DATA  DSIOX/I.0/,OSIOY/100.0/.DS10Z/20.0/ 
DATA  ZCENT/50'0.0/ 

500   CONTINUE 

REAOOt.BI   TITLE 
E   FORMAT(BA10I 

PRINT   10.TITLE 
10 FORMAT(1H1.BA10) 

READ(4. I )U.ALPHA.BETA 
I    FORMAT I3FI 0.51 

PRINT   t.U.ALPHA.BETA 
t   FORMATdHO."   WIND  SPEED(X  DIRECT)   ■•.FIO.S, 

•ALPHA  -".Fl 0.5.'BETA   —.FIO.51 

READ(i«.I I I   WVUI .WVU2 
11 FORMATiaF10.51 

PRINT is.wvui.wvue 
IS   FORMATIIHO.'WINO  VECTOR  DIRECTION COSINES  X   -'.FIO.S.'Y   -•.FIO.S) 

READ(H.6I   YIELD.QMUN.SIGXS.SIOYS.SIOZS 
6 FORMAT(FI0.5.EI0.5, 3FI0.51 

PRINT 3.YIELD.QMUN.SI0XS.SI0YS.SIGZS 
3 FORMATCO'.' YIELD -• .FI 0.5.'QUAN OF MUN (ADJ) ••.E10.5. 

I • SOURCE SIOMAS -'.SFIO.B) 

READCt.S) NOEVIC 
5 FORMAT 1151 

READm.7) ( (CATTNdR) .TUCSdRI) .IR-I .NDEVIC) 
7 FORMAT(BF10.5) 

CALL  STCLIQMUN.YIELD.SIGXS.SIGYS.SIGZS. ALPHA.BETA.Ul 

DO   159   l«|.NOEVIC 
CLTHRS1 I )-AL00( I .O-THRES(I) 1/(-CATTNI I ) ) 
PRINT   95.1.CATTN(I).THRES1t).CLTHRSII) 

95   FORMAT CO', 13.'   COEF  ATTN  —.FI0.5. 
I •   THRESHOLD  -'.FIO.S. 
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? •   CL   THRTS     -•.nO.?l 
159   CONTINUE 

C       MUNITIONS  PLACEMLNT   tt Rt 
READ11.601   NRPV 

50 FORMAT(1101 
PRINT   m.NRPV 

14   FORMAT! IHQ, •NUMBER   Of   ROUNDS  PER  VOLLEY   '.It/ 
? IHO.-IDEAL   IMPACT   POINTS   •/ 
' •O".'   NO. •,6X,'X», I IX.'V . I I X.'Z'l 

DO 5500  J-l ,NRPV 
READ!"J,55)   XIDEAL! J) .YIDEALIJI .7IDEALIJ1 

55   FORMAT(3FI 0.5) 
PRINT   le.J.XIDEALI J) .YIDEALI J) .ZIDEALU) 

16   FORMAT(•   •,m,6(IX.FI0.?.IXI) 
P500   CONTINUE 

READ(4.an   NSAMP.NVOL.NT.DT.DL 
51 =-ORMAT(3l5,5F5.0l 

PRINT  23,NSAMP,NV0L .NT.DT.DL 
S3   FORMATC IHO,-TOTAL   NUMBER OF   SAMPLES   '• . 15,/ 

1 IX,"TOTAL   NUMBER OF   VOLLEYS   -',15,/ 
2 IX,"TOTAL   NUMBER OF   TlfCS       -", 16,/ 
3 iX,"TlrC   INCRE^NTS  -• ,F5.0, "SEC . " , / 
)»                   IX,"LIKE   INCREMENTS ••,F5.01 

READ(i*,18l   VT,SNAP 
18 FORMATISFIO.I) 

PRINT   19.VT,SNAP 
19 FORMAT(I HO,"TIME  BE TtCEN  VOLLEYS   •♦.FIO.l./ 

I IX,"SNAP  TIME   INCREMENT   ••.FIO. II 

READ(H,2e)   SIGeR,SIGBD,SIOAR,SIOAD,REL 
S3   FORMAT(5FIO.t) 

PRINT A'4,SIGBR,SIGBD,SIGAR,SIGAD,REL 
ST FORMAT(1 HO,"BR -" ,F5.0,5X,"BO -",F5.0,/ 

1 IX,"AR -",F5.Q,5X,"AD -",F5.0./ 
2 IX,"REL ••.FS.OI 

NBRSTA-NVOL"NRPV 
:NSNAP-SNAP/DT 
:NVOL-VT/DT 

CAU FRMCLO(NT,DT,NVOL.NS) 
XOBS-0.0 
VOBS-0.0 
READm.SO)   YTLlrt.CUTOFL.CUTOFR 

SO   FORMAT(3FI0.S) 
READCl.SO)   XT.YT 
READI^SO)   XINC 
Z-l .5 

PRINT   73,X0BS.Y0BS 
73   FORMATIIHO,"OBSERVER COORD   -VSFIO.l) 

PRINT  71.XT.YT 
71    FORMAT(1HO,"AIMPOINT   COORD   "".SF10.11 

PRINT   7S,YTLIfC 
7S   FORMATdHO, "DISTANCE   TOLIhC   -",FI0.1) 

PRINT  7>»,XINC 
7t   FORMATdHO,"   X-INCRE«NT   -",F5.1I 

PRINT   75,CUT0FL,CUT0FR 
75   FORMATdHO,"   90  DEGREE   SECTOR  -■,F7.0."    ,   • ,F1 

PRINT   35.Z 
35   FORMAT("0"."«:lGHT   ABOVE   CENTROID   ",FI0.5) 

CALL  CLEAR   IDL) 

DO SB KI-1.NSAMP 
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PRINT   B.KI 
B   rOM»TIM»,"   DATA  TOR SAMPLE   HJMEtP   '.fit 

CALL   MPLACEINVOL,NRPV,VT.XT,YTI 
CALL  CONBST 

PRINT MS 
HP   FORMATCOV   MUNITION BURSTS  AT   •! 

PRINT tS 
itS   FORMAT!-O'.l IX. •LOG AT I ON'. I IX.5X.7X.-T I fC-1 

1-0 
DO 199 IV-1.NVOL 
DO 199 IRD-I.NRPV 
l"l»l 

PRINT  tB,I.IV.IRO.XBAlI).YBA(I).ZBAII 1. TBA(I I 
'♦B   FORMATCO'.   31 IX.13. 1X1 .31 IX.F8.e.1X1 .6X.F8.pl 

199   CONTINUE 

00   I 100 MT-1.NT 

CALL   TIM:(MT,U) 

C PRINT   32 
32 rORMAT(»0'.-   MUNITION CHARACTERISTICS        •) 

C PRINT   33 
33 FORMAT CO*. I IX. •LOCATION*. I IX,5X. I4X.'S I2E* I 

DO  350   IMUN-I.NBRSTA 
MG-1 AGE I I MUNI 
IFIMO.LE.OI   00  TO  360 

C PRINT   38. IMUN.XCENTI IMUNI.YCENTI IMUN1 .rCENTMMUNl . 
C • SI0XAIIMUN1 .SIOYAIIMUNl .SIOZIMOl 

38   F0RMATC0».1X.I2,2X.3(IX.F8.2.1X1 ,5X.3( IX,FB.2.1X11 

350   CONTINUE 
360   CONTINUE 

CALL  SIZEIXLOW.XHIGH.YLOW.YHIGHl 

PRINT   86.XL0M.XHIOH.YLOW.YH1GH 
86   FORMATdHO.'   SCREEN   DIMENSIONS     X-'.2FT .2.2X,'Y-'.2F7.21 

CALL  MXMIN(YTLI«:.XT1IN.XMAX1 

PRINT   9,XMIN,XMAX 
9   FORMATIIH   ."XMIN  ••,FI0.2.2X,'XMAX   -•.FI0.2I 

YSLINE-500.0 

C CALL  MATCONCZ.XLOW. XHIGH.YL0W.YHIGH1 
C CALL   MATCLIZ.XLOW.XHIGH.YOBS.YSLINEl 

CALL  CALCIXOSS.YOeS.Z.YTLIIC.XMIN.XMAX.NOEVIC.CLTHRSI 
CALL   ENDPTSIXMIN.XMAX.MT) 

DO  299   IR-I.NOEVIC 
CALL   VEVAL   (MT.IR1 

299   CONTINUE 
I 102   CONTINUE 

28   CONTINUE 
CALL   CALPRT   (NSAMP. NT.SNAP.NVOL . VT .NOEV IC1 
STOP 
END 
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SUBROUtrKT  CLE»RIIX1 

COMMON  /ST*TS/   SSL( 50.31 .SSLS(90. 31 .SLY 150,31 ,SLVS(50, 31. 
I   SRY150.31 .SRYSISO. 31 .SSH(50I31 .5SHSI50.31 .NSAMM(50.31 .LCNI 1001 . 
5  DSL<50.3.I001 

COMMON  /STATS/   EXTXL(50I,exTXLS(50l.EXTXR(501.EXTXRSI501.NlX(501 

DO 800   1-1.100 
800 LENIII-DLM 

DO   ISO   1*1,50 
NIXI11-0 
EXTXLIII'0.0 
EXTXLSCI1-0.0 
EXTXRII1*0.0 
ExrxRsi11-0,0 
DO   110   IR-1,J 
NSAMMII.IRI'O 
SSLII.IRl-O.O 
SSLS(l,rRl-0.0 
SLY(r,IRl-0.0 
SLYSII.TRI-O.O 
SflY(I.IRI-0.0 
SHYS(I.IRI-0.0 
DO   105 K-l,100 

105 DSL(I,IB.Kl-O.O 
SSHM.IRI-O.O 

IIS SSHS(I.IRl-0.0 
183 CONTINUE 

RETURN 
END 
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SUBROUTIfC  MPLACECNVOL.WPV.VT.XT.YTi 

COMTION  /ABS/     XB(60 I,YB(601,28(601.161601.NBURST 
COMMON  /PLACE/   SIGBR.51060.SIOAR.SICAD. REL 
COMMON  /PLACE/   XIDEAL 161 . YIDEAL(6I .ZIOE AL (6) 

CALL  NORANIR.SrOAR.E.SIOADI 
XCA-XT*E 
YCA-YT»R 
DO  K   I-I.NVOL 
BRSTTM-   tl-I)»VT 
00  30  J-I.KRPV 
IFIRANFIDUMI.OT.REL I   00  TO  30 
CALL   NORANIR.SIGBR.E.SIGSOI 
XCRO-XCAt-XIOEAL (J> *E 
YCRD-YCAtYIOEAL C Jl tR 

MLf»IO-(I-l)'NRPV  ♦   J 

XBIMUNNOI-XCRO 
YBtMUNNOl-YCRD 
ZBIMUTMOI-O.O 
TBIMUNNOI-BRSTTM 

30   CONTINUE 
38   CONTINUE 

RETURN 
END 
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p»ae 

SUMWUTIfC   CONBSI 

COMMON  /FTl /   XBIEOI ,YB(BOI ,ZB(60I,TB(60I .NBURST 
COMMON  /fCUa/XCENrP(60l .rCENTPIBOl 

COMMON  /ABS/XBAI80I . YBAIBOI .7BA(B0I , TB* (BO I , NBKST A 
COmOH ./hMOOIB/HVUI .WVUB 

MUKT>NBMST* 
00   100   l-I.NBRST* 
«•(11•UVUI-XB*I I I'MVUS'VBAI1 I 
YBI 11 —MVUB'XBAf 11 ♦MVU1 "YBAII I 
ZBUWBAIII 
TBiri'TBAdl 
YCENTPII1-VBIII 

100   CONTIMJC 
NCTUMN 
CND 
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SlJBROOTIfC   NOR*N(R.SR,D,SOI 

X-RAM'IDUM) 
IF(X.LE.0.0l   GO   TO   I 
*-SQRT(-S.0'ALOO(Xl1 
B»B.8831853071 B'RANF IDUM1 
R-A'SR'SIN(BI 
D-A»SO"COS(BI 
RETURN 
ENO 
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SUBROUTINE   SI7EIXIL ,:<UL,YLL,YUL1 

COMMON   /*BS/XBA(601 ,YB*1B0),ZBAI601. IB*(60).NBRST* 
COMMON   IkBSSI   XCENT (60) .YCENTIBOl.ZrCNI 1B01 
COMMON   /*BS3/   SIGX*(50),S1GYA(50) 
COMMON   /AGEIND/   IA0r(60) 
XLL-   I .E6 
XUf-l .E6 
YLL-   I.EB 
YUL--I .E6 
DO 89  MUN-I .NBRSTA 
MUNGflP-IAOE(MUN) 
IF(MUNGflP.LE.OI   GO   TO 99 
TEST-XCENT(MUN)-t.O»SIGXA(MUN) 
ir(TEST.LT.XLL)   XLL-TEST 
TEST-XCENT(MUN)ti*.0'SIOXA(MUN) 
IF(TEST.0T.XUL1   XUL-TEST 
TEST-YCENT(MUNI-'».0*SIOYA(WJN) 
If (TEST.LT.YLL)   YLL-TEST 
TEST-YCENT(MUN)*i*.0'SIGYA(MUN) 
IF(TEST.OT.YUL)   YUL-'EST 

89   CONTINUE 
99   CONTINUE 

RETLKN 
END 
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SUBROUTlrC   MXMINIYTLtNE.XMIN.XMAXl 

COMMON /^PSCR/   S1GX(50) .SIOY(50) .510/150) 
COMMON /*BS/XBA1601 .YB*<60I .2BA(60) .TBAI60I .NBRSTA 
C0f»10N /ABS2/   XCENr C601 .YCENT(601 .ZCENT 160) 
COMMON /AOEIND/   lAGE(BO) 

RATMX--I .OEMO 
RATr»4-l .OEMO 
DO   1    1-1.NBRSTA 
M-1AOE(11 
Ifm.LE.OI   GO  TO S 
IFIYCENTCI).EQ.0.01    GO   TO   I 
RATL-IXCENTI I !-••. •SIOXIHI l/YCENTd I 
IF(RATL.LT.RATMN)   RATMN-RATL 
RATN"(XCENT(I)+4.'S1GX(M))/YCENT(I) 
ir(RATN.OT.RATMXl   RATMX-RATN 

I   CONTINUE 
^   CONTINUE 

XMIN-YTLriC'RATMN 
XMAX-YTLINE'RATMX 
RETURN 
END 
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SUBROUniC  C*LC(XOBS,Y0eS.Z.YTLIf*.XMIN.X^i.NDEVIC,aTHRS) 

COMMON  /WNDD1R/WVUI .WVlje 
COMMON  /FLDSIT/   CUT OFL .CUTOf R,X1!« 
COMMON  /LINES/   V(1001.31,IXLEFT,1XRGHT 

DIMENSION CLTHRSI31 

XL-AMAXKCUTOFL.XMINI 
XR-AMINICCUT0FR,XM*X1 
IXUEFT-!NT( IXL-CUTOFD/XINC)   ♦   I 
IXROHT-1NT((XR-CUTOFL)/X1NCI   ♦   I 
DO  31   IP-1XLEFT,IXROHT 
X-XINC   •   FLOAT(IP-1 1   ♦  CUTOFL 
DX-X-XOBS 
DY«YTLINE-YOBS 
DZ"0.0 
VMAO"SQRT(DX"atDY- •a<-D7"B' 
DX-DX/VMAO 
DY-OY/VMAG 
OZ-OZ/VMAO 
DXP-WVUI•DX*WVUe'DY 
DYP—WVLE'DXtWVUI 'DY 
CALL  LCONtXOBS.YOBS.Z.DXP.DYP.OZ.TOTLNCl 
DO B9   1R-I,NDEVIC 
VI IP,IRI-0.0 
IFITOTLNC.OE.CLTHRSCIRD   VMP. IR)-I   0 

29   CONTINUE 
31   CONTINUE 

DO  35   IR-I.NOEVIC 
PRINT   3H,IV(I,IRI,I-IXLEFT,IXR0HT) 

34 F0RMAT(«0»,(a5F4.I,/I 1 
35 CONTINUE 

RETURN 
END 
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SUBROUTIIC   VTVALII I ,IRI 

COMMON  /TLDSIT/   CUT OFL .CUfOTR.XINC 
COMMON  /LirtS/   V( 1001 .31 .IXLEFT, [XROHI 
COMMON   /ST*TS/   SSL ( 50. 31 ,SSLS(50, 31 ,SLY (50, 31 .SLYSI50. 31 , 

I   SRY(50.31 ,SRYSI50. 31 .BSH(50,3) .SSHSI50,31 ,NSAMM(50,31 .LENI 1001 , 
S r)SL(5p.3, 1001 

INTEGER RY.SH 
LY-0 
RY-O 
SM-0 
S1.-0.0 

C LEFT   Y-COORO   -  LY 

IFUXRGHT-IXLEFT.LE .0)   GO   TO  95 
DO   10   I-IXLEFT.IXROHT 
IF1VII,IR1.EQ.0.01   GO   TO   10 
LY«XINC«FLO*T(l-lI    tCUTOFL 
K-l 
GO  TO   15 

10   CONTrNUE 
GO  TO tO 

C RIGHT   Y-COORO  -   RY 

15   DO  20  J-K. IXRGHT 
IFIVIJ.IRl.EQ.0.01    GO  TO  50 
RY-XINC'FLO*T(J-l1    ♦CUTOFL 
M-J 

50   CONTINUE 

C TOTAL   SCREEN LENGTH   -   SL 

SL-RY-LY 
IFISL.EQ.O.)   GO  TO   tO 
SSLdl ,IR)-SSL(II .IRItSL 
SSLSdl .IR1-SSLS(I1 .IR1*SL'SL 
SLY(II.IRI-SLY(II , IRI*LY 
SLYSIII.IR1-SLYS(II ,IR1»LY»LY 
SRYdl .IRl-SRYdl .IRltRY 
SRYSdl .IRl-SRYSI I I . IR1»RY»RY 

C INTERIOR  HOLE  LENGTH  -  SH 
C 

DO  30   I-K,M 
IF(Vd.IRl .EQ. 1 .01    GO  TO  30 
SH.SH*XINC 

30   CONTINUE 
SSHI I I .IRl-SSHd I . IR1»SH 
SSHSI I I . IRI-SSHSd I .IRItSH'SH 
GO  TO 50 

C NSAMM  TO  BE  USED  TO   MODIFY  NSAMP  SUCH   THAT 
C AVE  LY.RY.AhO SH Wl LL   BE  CALC.   GIVEN 
C NON-ZERO  SCREEN LENGTH. 

HO   NSAMMdl . IRI-NSAMM( II .IR1»1 

C DISTRIBUTION OF  SCREEN LENGTH 

50   DO 60   I-l ,100 
IFlSL.GE.LENd II   GO   TO  60 
DSLd I .IR.I 1-DSLd I .IR,1 1*1 .0 
GO  TO 70 

60   CONTINUE 

121 



70   CONTINUT 
RTIURN 

95   CONTINUE 
NSAMM1 I I .IRI'NSAMMI  I I , IRI    t   I 
RfTURN 
FND 
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(a 

SUBROUTINT ENOPTS(XMIN,XMAX, IT) 

COMMON /STAT2/ EXTXLI501 .EXTXLSIBOI .EXT XRIBOl ,EXTXRSI501 .Ml X(50l 
tF(XMAX-XMIN.LE. I .0) GO TO M 
EXTXLIITI-EXTXLIITI ♦ 
EXTXLSIItl-EXTXtSIITl 
EXTXR(IT1-EXTXR(IT1 » 
EXTXRSUTI-EXTXRSII Tl 
RETURN 

SS CONTINUE 
NIXIITI-NTXr in » I 
RETURN 
END 

XMIN 
» XMIN'XMIN 
XMAX 
♦ XMAX "XMAX 
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SUBROUTINE   M*TCON(Z.X10W.XHIGH,YinW.*llir.HI 

COMMON   /ktCIOIR/WVUI ,WVU? 
OI^NSION  XCORO(M0l .YCOROItO] 
D1NCNSION CONMATIHO.^OI 

DO   1100   I'l.HO 
XCOROID-FLOAT   11 I'l I ,0/MO.OIMXHIGH-XLOWl«XLOW 

1100   CONTINUE 
DO 1500 I"l.HO 
YCOHOCI)-FLOAT(1-I 1 •(I.0/HO.01•(YHIOH-YLOH) *YL0W 

1500 CONTINUE 

PRINT SS 
es   FORMAT(• X     '.SX^OX,' 

PRINT  e6.(YC0RD(lP> .IP-I.?01 
56   FORMATC0»,7X,e0(F6.in 

DO 2400   1-1.HO 
DO 2H00  J-I.HO 
X-WVU1 'XCOROI I )*WVUe»YCORO( Jl 
Y--WVlE"XCORD( I)»WVU1"YC0RDIJ1 
CALL  OENSTYIX.Y.Z.CONl 
CONMATU.Jl-CON 

5H00   CONTINUE 
DO MOO   1-1 .HO 
PRINT sa.xcoRocn.iCONMATM,IPI.IP-I,201 
1BLAI«<-S'(I/5I-I 
IF ( IBLANK.EQ.OIPRINT 35 

5500   CONTINUE 
PRINT ee 
PRINT 5B.IYC0RD(IPI.IP-51.H0I 
DO 3000 l-l,H0 
PRINT 58,XC0R0(I).(C0NMAT(I.IP1 .IP-ai ,H01 
IBLANK-5#(I'S1-I 
IF IIBLANK.EQO'P''INT 32 

3000   CONTINUE 

28   FORMAT!'   '.IX.Fe. 1 ,20(F6.0n 

32   FORMAT(•   •) 
RETURN 
END 
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SUBROUTINE   MATCL IZ, XLOW.XHICH, YLOM. YHIGHl 

COMMON /WNOOIR/WVUI ,wvua 
DiftNsioN xicMOi.xamoi 
DIMENSION CONLIN(M0,40) 

Yl-YLOW 
YB-YHIGH 
DZ-O.Q 
DO I 100 M .tO 
XIII l-ELOAn 1-1 !•( I .O/tO.Ol MXHIOH-XLOU^XLOM 

I 100   CONTINUE 
DO   1500   l-l.tO 
xai I 1-rLOATI 1-1 I'd .0/tO.0l'(XHIGH-XLOWl*Xl.CIH 

1500 CONTINUE 

PRINT I5,YI.Y2 
15 FORMATCO'.' Yl •.ra.a.^ Ya 

PRINT aa 
aa FORMAT(• •.•XI •.sx.aox,^ 

■.ra.ai 

DO asoo i-i.to 
DO atoo J-I.to 
DIST-SORTI (xaui-xM n i"a»(Ya-Yi i^ai 
DX-(Xa(JI-Xl(IH/DIST 
DY-IYB-YI1/DIST 
X-WVUI 'Xl I I) ♦WVUB'YLOW 
Y"-MVU8»X1( ntWVUMYLOW 
DXP-HVUI-OX'WVUa'DY 
DYP—HVUB'DX+WVUl 'DY 
CALL LCONIX.Y.Z.DXP.DYP.OZ.CONl 
CONLINd.JI-CON 

atOO   CONTINUE 
3500   CONTINUE 

PRINT ae.ixain,I-I .aoi 
DO 39 K-I.tO 
PRINT SS.XKKI . ICONLINIK.I) . i-i .aoi 

ag  CONTINUE 

PRINT IS.Yl.YS 
PRINT aa 
PRINT eB.ixam .i-ai .toi 
DO 87 K-I.to 
PRINT ge.xHxi .ICONLINIK.II . i-ai .toi 

87 CONTINUE 
36 rORMAT(«0«.7X.aO(F6.Ill 
a9 FORMATI' '.Fe.I.eOIFB.Ol I 

RETURN 
END 
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SUBROUTItC   CALPRT(NSAMP,Nr,SN*P.Nvni  .ul.NDCVICl 

r CALCULATE   AND  PRINT   STATISTICS 

COMMON  /STATS/   SSL 1 50,3),SSLSI50,31,SLY150,31.SLYS(50.31. 
1   5RY(50,3I,SRYSI50,31,SSHI50,31,SSHS(50,31,NSAMMI50,31.LFNI1001. 
S  DSL(50,3.I00) 

COMMOM  /STATS/   CXTXLIBOI,rxTXLS1501,EXTXR(501,EXTXRS1501.NlXI^Ol 

PRINT   5I0.NSAMP 
510 FORMAT! IHI .'TOTAL   NUMBER  OF  SAMPLES   -■. 151 

DO  505   l-l,NT 
DO  5S0   IR-I.NDEVIC 
NSAMP1.NSAMP-NSAMM( 1 . IRI 
IFINSAMPI .LE.IIOO  TO  519 
SLYSI 1 , IRI-SORT ( (SL YSI I , IRI-SLYI 1 . IRI "S. /NSAMPI 1/1NSAMPI -111 
SRYSI 1 , IRI-SORTMSRYSIl .IR1-SRYI 1 , IRI •• S./NSAMPI 1/(NSAMPI -1 1 1 
SSHSII .IRI-SQRTMSSHSII .IRI-SSHI 1 , IRI •• 2./NSAMPI 1/(NSAMPI-1 1 1 
SLY(I.IRI-SLY(1,IRI/NSAMPI 
SRYIP, 1RI-SRY( 1 , IRI /NSAMPI 
SSHI 1 , IRI-SSHI 1 . IRI /NSAMPI 

515 SSLSII .IRI-SORT ((SSLSd .IR1-SSL!I . IRI •• S./NSAMPI / (NSAMP-1 1 1 
SSL(I.IRI-SSL(I.IRI /NSAMP 

520 CONTINUE 
NIXI-NS*MP-NIX(I) 
IF(NIXI.LE.11   00  TO   505 
EXTXLSI1l-SQRT( (EXT XLS 111-EXTXL(1)•-S. / N1X1)/(NlX1 - 11 1 
EXTXRS( 1 1-SQRT( (EXTXRS( 1 1-EXTXR( I1"S./NIXI1/(NIXI-IM 
EXTXLI11-EXTXLI1l/NIXI 
EXTXR(II-EXTXR(1l/NIXl 

505 CONTINUE                                                                                                                      •                              ■                    . 

DO 530   l-l.NT 
STIhC-(l-l1-SNAP 
PRINT   560,STI« 

560 FORMAT ( 1 HO,'SNAP  Tit   -•.FIO.Il 
J-MINOINVOL.I+INTISTIME/VTI1 
PRINT  570,J 

570 FORMATIIHO.-VOLLEYS   FIRED  -'.15) 
PRINT  5^0,NIX(I 1 .INSAMMU ,IR1 ,IR-I .NOEVICl 

5H0 FORMAT CO*,'NUMBER   TI«S NO  SCREEN   ■,19,](»!,•   IN  SECTOR   •, 1511 
PRINT  600,((SSLII ,l<«l ,SSLSd ,IR: 1, IR«I , NOEVICl 
PRINT  60 l,((SSHd,IRI,SSHSd,IRH, IR-I, NOEVICl 
PRINT  602,((SLY(I,1Rl,SLYSI1,1R)1,IR-1,NDEVIC) 
PRINT 603,((SRY(1,1Rl,SRYSII,IR)),IR-I ,NDEVICI 
PRINT  SO't^XTXLdl ,£XTXLSdl 
PRINT  605,EXTXRdl ,EXTXRSdl 

600 FORMATCO'.'   SCREEN   LENOTH  '.SX.SC   AVE   '.FB. I.2X,'   SIGMA   •,F8.III 
601 FORMATCO'.'   INTERIOR  HOLE   •.SX.SC*   AVE   •.FB.I.BX,'   SIGMA   • .F8. 1 1 1 
60S FORMATCO','   LEFT  COORD          •.gX.K"   AVE   ',F8.I,2X,'   SIGMA   '^8.111 
603 FORMATCO','   RIGHT   COORD       '.SX.3l»   AVE   •.FS.I.BX,'   SIGMA   I ,F8.111 
BOH FORMAT!'O','   EXT  LEFT  COOHU',SX,«   AVE   • ,F8. I .2X,«   SIGMA   VFB. 1 1 
605 FORMATCO*,*   EXT   RGHT  COORD',2X,»   AVE   '.r8.l,2X,'   SIGMA   '.FB.M 

530 CONTINUE 
PRINT   650 

650 FORMATdHO. IBHDISTRIBUTION  OF   SL 1 
DO 680   l-l,NT 
STIME-d-l I'SNAP 
PRINT   560,STIME 
J-MIN0(NV0L,I*INTIST1ME/VT11 
PRINT   570,J 
DO 678   IR-I,NDEVIC 
DO  675 L-l ,•» 
K2-25'L 
KI.K2-2H 
PRINT   660,(LENIKl,K"K1.K?l 

660 FORMAT(IHO.25151 
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PRINT 670.1051 (I.[R.K).K-KI,K2I 
670  FQRMAT( IHO.ax.PSTB. 01 

PRINT 67? 
67?  FORMAT<I HO I 
675  CONTINUE 
678  CONIINLE 
680  CONTINIX 

RFTURN 
END 
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SUBROUTIfe   STCLIQMUN.YIELD,SI0XS,";iOr'i   -SIO^.AIPHAP.BETAP.UPI 

COMMON  /VPCLD' FSIGX.FSIOY.rSIOZ 
COMMON  /WPCLD/ DSIGX.DSIOY.DSIOZ 
COMMON  /VPCLD/ ASIOX.ASIOY.ASIOZ 
COMMON /VPCLD' ESIOX.CSIOY.ESIOZ 
COMMON  /WPCLD/ WNDSPO,r*CTOR 

WNOSPD-UP 
ZSIOX-0.9S9* 
ESIOY"*LPHAP 
ESIGZ-BETAP 
FACTOR-OMUN'YIELO". 136987 
ASIGX-DSIGXMISIGXS/rSIOXMMI.O/ESIGXl ) 
ASIOY-DSIGYM (SlOYS/rSIGYl'M I .O/ESIOYI ) 
ASIGZ-DSIOZM(S10ZS/rSIGZI"II.O/ESIGZI 1 

RTTURN 

ENO 
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SUBROUHNE   rRMCLDINT.DT.NVOL.NS) 

COMMON   /W^CR'   SIOXIBOI ,SIOYI90) .SIG7'')r)l 
COMMON   /WPSCR/   FACTT(50) 

COMMON /WPCLD/   FSIGX.FSIOY.FSIGZ 
COMMON /WPCLD/   DSIOX.DSIOY.DSIOZ 
COMMON /WPCLD/   ASrOX.ASlOY.ASIOZ 
COMMON /WPCLD/   ESIGX.ESIGY.ESIGZ 
COMMON /WPCLD/   WNDSPO,FACTOR 

PRINT   !>♦ 
m   FORMATCO'.'NO.'. ISX.'SIZEM 

NS-?0 
DO   199   I • 1 , NS 
T-DT«(1-1I 
IF   (T.GE.0.01   GO   TO   150 
SIOX(II--1.0 
00  TO   199 

150   CONTINUE 
SIGX( ll-FSIOX»HWNDSPO'T*ASIGX)/DSIOX)"ESIGX 
SIOYdl.FSIOY'MWNDSPO'T^ASIOYl/DSIGYl' 'ESIGY 
SI0Z(n-FSIGZM(WNDSPO'T*ASIOZ)/DSIOZ)"ESIGZ 
FACTTd )«FACT0R/(SI0X(I1»SI0Y(1)«SI0Z(I II 
PRINT I6,I,SI0X(II ,SIOY(I),BIOZ(|l 

16 FORMATf •, lt.6(IX.FI0.8,IXl) 
199 CONTINUE 

RETURN 

END 
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SIJBROUTIK;  riMEmr.ui 

COMMON  /PEL/   XB(60I .YBI60I .ZBIBOI ,IBI60I .fJBURST 
COMMON  /RELe/XCENTPIBO) .YCENTP(6D1 

COMMON  /WPSCR/   SIGX(501.SIGYIBOl.SIGZISOI 

COMMON  /ABS/XBAI601,YB*(60I.ZB*(60).TBA(60I.N8RST* 
COMMON  /ABSe/   XCENT (601 , YCENT{60I ,ZCENT (601 
COMMON  /ABS3/   SIOXA (501 .SIGYA(S0I 

CWflON  /TMSCLE/INSNAP.INVOL.DT 
COMMON  /WCOIR/WVUI .WVLC 
COmCN  /AGEINO/   IAGE(B0) 

DO   I    M .NBURST 
AGE-(MT-I IMNSNAP'DT-TBI I I 
MUNGRP-AGE/DT*! 
I AGE' D-MUNGRP 
IF(MUNGRP.LE.OI   GO   TO   10 
XCENT(1)-XBA(II»  U   'WVUI-AGE 
YCENT(I1-YBA(ll»  U   •WVUS'AGE 
XCENTP(II-XB(II*  U   'AGE 
SIGXAdl-AMAXI (ABS(SIGX(MUNGRP1'WVU11 , ABSISIGYIMUNGRPI-WVLe 1 1 
SIGYAd l.AMAXI(ABS(SIGX(MUNGRPI*WVUSI ,ABS(S1GY(MWJGRP1'WVUl I I 

I   CONTINUE 
RETURN 

10   CONTINUE 
END 
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SUBROUTINE GENSTYtXP,YP.ZP.CON) 

COMMON /REL/ XB(60).YBI60).ZB(60).TB(60i.NBURST 
COMMON /RELB/XCENTPI60).YCENTPfSO) 

COMMON /WPSCR/ SIGX(501,SIOYI501,SIGZ(501 
COMMON /WPSCR/ FACTT(501 

COMMON /AGE I NO/ I AGE(601 

CON-0.0 

DO 399 MUN-=1 .NBURST 

MUNGRP-I AGE IMUN1 
1F(MUNGRP.LE.01 GO TO 400 

X=XP-XCENTP(MUN1 
Y=YP-YCENTP(MUNI 
Z-ZP-ZB(MUN) 

C0NN'!(-.5'( (X/SIGX( MUNGRP1 )"5 
♦ (Y/SIGY(MUNGRP1 1"S 
t(Z/SIGZ(MUNGRPl 1"211 

IF(C0NN.LE.-25.I GO TO 399 
CON-CON*FACTT(MUNGRPl'EXP(CONNl 

399 CONTINUE 

400 CONTINUE 
RETURN 
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SUBROUTII*: LCONIPOX.P0Y,P0Z,Dx,Dr.o7.roii NCI 

COMMON   /REL/   XB(B01 , YBC60) , ZB(60 > , TBl 60 1 .^4BURST 
COMMON   /REI.5/XCENTP(B0) .YCENTPIEOI 

COMMON   /tfSCR/   SIGX(501,S1GY(50) ,SIGZ(50) 
COMMON   /WPSCR/   FACTT150) 

COMMON  /AGEING/   I AGE(601 

TOTLNC-0.0 

DO  399  NM .NBURST 
I"IAGE(N1 
IF( I .LE.O)   GO  TO '♦00 
IFISIGXd I .LE.0.01GO TO 399 

A»(OX/SIGX( I I )"2*( DY/SIGY1 1 I ) •-2* (DZ/S I GZI I 1 I • "S 
B=DX'(P0X-XCENTPIN1 1/SIGX( I )"2» 

• DYMPOY-YCENTPCNI l/SIGY( I )"«5* 
• DZMP0Z-ZB(N))/SIGZ<n"2 
S--B/A 
PMX"POX*S»DX 
PMY-POY^S'DY 
PMZ-POZ+S'DZ 
C-<(PMX-XCENTP(N1l/SIGX(I 1)#»a» 

• ( (PMY-YCENTP(N1 l/SIGY(I))"S* 
• ((PMZ-ZB(N))/SrOZ(l 1 )"2 
CC-(-.5«C) 
IF(CC.LE.-a5.)   GO TO 399 
FACLIN-FACTT(I)-S.50B6e83'EXP(CCl/SQRTI AI 
TOTLNC-FACLIN+TOTLNC 

399   CONTINUE 
'tOO   CONTINUE 

RETURN 

END 
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PROGRAM SMOKEHCUNPUT,OUTPUT,TAPEicrNPUTl 

REAL   M.OCX,M.OCY,M_OCZ 
REAL  NSIZX.NSIZY.NSIZZ 
HEAL   NLOCXA.M-OCYA.NLOCZA 
REAL   NSIZXA.NSFZYA.NSIZZA 

COMMON  XB( 100) ,YB(1 001 ,ZBM 001 ,TB< 1001 , NBURST 
COMMON rLOCX(1001,FLOCY(1001.FLOCZI1001 
COMMON FSIZXIlOOl.rSIZYnOOl .ESIZZIIOOI 
COMMON M.0CX( 1001 .NL0CY( 1001.MOCZ( 1001 
COMMON NSIZXI 1001 ,NSIZY( 1001 ,N51ZZI 100) 

COMMON   /ABS/XBA(1001,YBA(1001,ZBA(1001 .TBA(1001.NBRSTA 
COMMON   /ABS/FLOCXA(1001,FLOCYA(1001.FLQCZA(100) 
COMMON  /ABS/FS1ZXA( 100),rSIZYA{1001,FS1ZZA(100) 
COMMON  /ABS/M-OCXA( 1001 ,M-0CYA( 100) .NLOCZAMOO) 
COMMON   /ABS/NSIZXA( 100) .NSIZYAdOO) .MSI ZZA( 1001 

COMMON  /PLACE/   SIGBR.SIGBO.SIOAP.SIGAO. PEL .RDISP 
COMMON  /PLACE/   XIDE AL (61 , YIDEAL (6) .ZIOE AL(61 
COMMON  /WODIR/WVUI .WVUS 
COMMON  /AGE I NO/   IAGEII00I 
COMMON  /FLDS1T/   CUTOFL.CUTOFR.XINC 

COMMON  /MCSCR/   XCENTtSO,150) 
COMMON  /HCSCR/   SIGX(20,150).SIOY(eO.150).SIGZISO,I 50) 
COMMON  /HCSCR/   FACTT 120. ISO) .WLTF(20) 

COMMON  /HCCLD/ FSIGX.FSIGY.FSIGZ 
COMMON  /HCCLD/ DSIOX.OSIGY.DSIGZ 
COMMON  /HCCLD/ ASIOX.ASIOY.ASIOZ 
COMMON  /HCCLD/ ESIGX.ESIOY.ESIGZ 
COMMON   /HCCLD/ W4DSPO.FACTOR. TINCR 

DirtNSION  TITLE(8) .CATTN(3) .THRES(3) ,CLTHRS(31 

DATA  FS10X/3.i*l/.FSIGY/3.Hl/,FSIOZ/l .35/ 
DATA  DSIOX/100.0/.DSIGY/100.0/.DSIOZ/20.0/ 
DATA  ASIOX/0.0/.ASIGY/0.0/.ASIGZ/0.0/ 

READm.21   TITLE 
2 FORMATIBA101 

PRINT   1.TITLE 
I    FC1RMAT( IH1 .8A10) 

READ(4,31   U.ALPHA.BETA 
3 FORMAT(3ri0.51 

PRINT   >«.U.ALPHA,BETA 
*   FORMATCOV   WIND  SPEED   '.FIO.S, 

•   ALPHA   VFIO.S,'   BETA   VFIO.SI 

READI><,1I1   WVU1,WVU2 
11 FORMAT(2FID.5) 

PRINT   12,WVU1 ,WVL12 
12 FORMAT(1HO,»WIND  VECTOR  DIRECTION COSINES  X   ••.FIO.B.'Y   ••.FIO.S) 

READI^.B)   YIELD.QMUN.BURNT 
6   FORMAT(FI0.5,E10.5.FI0.51 

PRINT   10. YIELD.QMUN.BURNT 
10   FORMATCO*.'   YIELD   -'.FIO-S. 

•   QUAN OF   MUN  ADJ  ■•,EI0.9,<   BURN   TIME   ••,FIO.S) 

CALL   STCLIQMUN.YIELD,BURNT,ALPHA,BETA,Ul 

REAO(i*,Bl   NOEVIC 
8   FORMAT(151 

READC*,151    ((CATTN( IR1,THRES(1R11,IR«1, NOEVIC1 
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15   fORM*T(Of10.51 
DO   159   l-l .NOtVIC 
ClTHRStI)-ALOO(l .0-THRE5II 11/(-CAIINI I 1 I 
PRINT   20.1 ,C*TTNI I 1 .THRES( I 1 .CLTmSII I 

159   CONTINUE 
?0   FORMAT I'OV I 3,'   COEF   ATTN  •■.ri0.5. 

I ■   THRESHOLD  ••.FIO.B. 
a • CL THRES   ••.no.ei 

C.   READ   IN  FVACEfCNT    INFORMATION 

READIt.SOl   NRPV.NMPR 
50   FORMATISIIOI 

PRINT   11» ,NRPV.NMPR 
m   FORMATdHO,-NUMBER   OF   ROUNDS  PER  VOLLEY   '.]<-' 

I IHO,-NUMBER   OF  MUNITIONS PER ROUND-.    I<l< 
? IHO.-IDEAL   IMPACT   POINTS   •/ 
3 IHO.-   NO.   •,BX.«X-,1IX.'Y'.1IX.-Z-I 

DO ?500   J-I.NRPV 

READIH.55)   XIDEALIJl .YIDEALIJ1 .ZIDEALUI 
55   FORMAT(MF10.51 

PRINT   16.J.XIDEAL1J) .YIDEAL(J) .ZIDEALUI 

£500   CONTINUE 
IE   FORMAT!-   •.m.BIIX.FIO.S.IXI 1 

READI^.SH   NSAMP.NVOL.NT.DT.DL 
21    F0RMATI3I5.2F5.0) 

PRINT  23.NSAMP.NVX .NT.OT.DL 
23   FORMAT! IHO.-TOTAL  NUMBER  OF  SAMPLES   --. 15,/ 

1 IX,-TOTAL  NUMBER  OF   VOLLEYS  --. 15,/ 
2 IX.-TOTAL   NUMBER OF   TThCS       --.15./ 
3 IX.-TIME   INCREhtNTS   --.F5.0.-SEC.-./ 
4 IX.-LISE   INCREfCNTS   --.FB.O) 

READIV.igi   VT.SNAP 
19   FORMAT!2FI0.n 

PRINT  25.VT.SNAP 
25   FORMATIIHO.-TIME  BETICEN  VXLEYS  --.FIO.I./ 

I IX.-SNAP  TIME   INCRE«NT   "-.FIO.II 

READI^.eai   5IG8R.S1GB0.SIGAR.SIGA0.REL.R0ISP 

62   FORMAT(6F10.'♦I 
PRINT ?«,SIGBR.SIOeO,SIGAR.SIOAD.REL.RDlSP 

2H   FORMAT!IHO.-BR  •-.F5.O.SX.-BO  --,F5.0./ 
1 IX,-AR  --.FB.O.SX.-AD  --.FB.O./ 
2 IX.-REL   —.FB.O./ 
3 IX.-RADIAL   DISP  --.F5.01 

NBRSTA»NVOL-NRPV-NMPR 
XOBS-0.0 
YOBS-0.0 
READIH.I51   YTLIfC.CUTOFL.CUTOFR 
READ!1*. 151   XT.YT 
REAOIt.lBI   XINC 
Z-l .5 

PRINT   Vif.XINC 
74 FORMAT(IH0.-X-INCREMENT   --.FS.Il 

PRINT   75.CUT0FL.CUT0FR 
75 FORMAT!I HO.-90  DEGREE   SECTOR   -■.F7.0.-    .   '.fl-O 

PRINT   73.X0BS.Y0aS 
73   FORMAT11H0.-OBSERVER  COORD  --.2FI0.11 

PRINT   71.XT.YT 
71    FORMAT! IHO.-AIMPOINT   COORO   --^FIO.II 

PRINT   72,YTLiKE 
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IS   FORMAT IIHO."DlSrANCE   TO  LINE   -".FIO   II 
PRINT   35,Z 

35   FOflMATCO-.'tClOHT   ABOVE   CENTROID   •.Till   51 

CALL   CLEAR   (DLI 

DO   1000  KI«I.NSAMP 

PRINT   7,KI 
7   FORMAT I 1 HI,'DATA  FOR  SAMPLE   NUMBER   '.IS I 

CALL   MPLACE(NVOL,NRPV,NMPR.VT,XT,VTI 
CALL  CONBST 
PRINT >»? 

t? FORMAT CO'." MUNITION BURSTS AT •) 
PRINT >«3 

>i3 FORMAT CO1. I I X .-LOC AT ION'. I I X . 5X ,7X , • T I ME " I 

1-0 
DO I 99 IV-1.NVOL 
DO 199 1RO-I,NRPV 
DO 199 IS-I.NMPR 
l-IM 

PRINT   HB.I.IV,IRD.IS,XBA(I1,YBA(I 1,ZBA( I I,TBA(I I 
199   CONTINUE 

IB   FORMAT!'   •,«(IX.13,IX),31IX,F8.5,IXI,6X,F8.5) 

DO  399   IT-I,NT 
T-FL0AT<ITI'SNAP 

PRINT  Se,T 

??   FORMATl'OV'TIME   AFTER EMISSION   '.FIO.01 

CALL   TlfCITI 
CALL   CON 

C PRINT   32 

IS   rORMATCO*.'   MUNITION  CHARACTERISTICS        •) 
C PRINT   33 

33   FORMAT CO*. I IX, •LOCATION'. I IX,5X, IHX,'S IZE'1 

DO  350   IMUN-I,NBRSTA 
C PRINT   38,IMUN,NL0CXA( IMUN) ,NLOCYA(IMUN) ,NLOCZA( IMUN1 , 
C • NSIZXAIIMUNI ,NSIZYAI IMUNl ,NSIZZA(IMUN) 
C PRINT   39, IMUN,FLOCXAI IMUNl .FLOCYA( IMUNl ,FLOCZA( IMUNl , 
C * FSIZXAI IMUN).FSIZYA(IMUN) ,FSIZZA( IMUNl 

350   CONTINUE 

38 FORMATCO«,IX,I2, I X , •NEAR-, IX, 31 I X,FB.S , I X) ,5X , 31 I X,F8.5, I X I l 
39 FORMATC0»,IX,ie, IX,'   FAR', IX, 3( IX,F8.? , I XI ,5X, 3( IX,F8.e, IX 1 1 

CALL   SIZEIXLOW.XHIGH.YLOW.YHIOHI 
CALL   MXMINIYTLIft.XMlN.XMAXl 
PRINT   5.XMIN.XMAX 

5   FORMATUH   .'XMIN  -• ,FI0.2,aX,'XMAX   -',FI0.ai 

YSLINE-500.0 

C CALL MATC0N(Z,XLC1W, XHIGH,YL0W,YHIGH1 
C CALL MATCL(Z,XLOW.XHIGM.YC)SS.YSLINE) 

CALL CALC(XOBS.YOBS.Z.YTLIr«.XMIN.XMAX.NDeviC.CLIHRSl 
CALL ENOPTSIXMIN.XMAX.IT) 

DO 399   IR«I.NDEVIC 
CALL   VEVAL    (IT,IR1 
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S99   CONTINUE 
399   CONTINUE 

IOQO   CONTINUI 
CALL   CALPRI   INSAMP. NI ,SNAP,NVOL .VI .NW V ICI 
STOP 
ENO 
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SUBROUTINE   CLfARlDL 1 

COMMON  /STATS/   SSL I 50,31,SSLS(50.3I,SI r(50,31,SLVS(50,31. 
1   SRY(50,3).SRYSISO.31.SSH(50,31.SSHS(50.31,NSAMM(50,3I.LFNl1001. 
a  DSL(50.3,1001 

COMMON   /STATa/   FXTXL (501 .EXTXL S( 501 ,EX r XR( 501 ,E:xrxRS( 50 I .Nl X (501 

DO  800   1-1,100 
800   LEN( I l-DLM 

DO   \S0   l-l,50 
NIX(ll-0 
EXTXLd 1«0.0 
EXTXLSd )"Q.0 
EXTXR(11-0.0 
EXTXRSII 1-0.0 
DO   110   IR-1.3 
NSAMM(I,IRl-0 
SSL(I,IRI-0.0 
SSLS((.IR1-0.0 
SLYd , IR1-0.0 
SLYSd ,IRl-0.0 
SRY(I,IR1-0.0 
SRYSd , IR1-0.0 
DO   105  K-l,100 

105   DSLd .IR,Kl-0.0 
SSH(I,IRl-0.0 

1 10   SSHS(I,IRl-0.0 
\S0   CONTINUE 

RETURN 

ENO 
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SUBROUTIKt   MPLACEINVa.NRPV.NMPR.VI.Ht.YTI 

COMMON  /ABS/     XBMOOI ,VBI 1001 ,ZBI I 0()i . I BdOOl .fBLRST 
COMMON   /PLACE/   SIOBR.SIOBD.SIOAR.SIOAO. WL .ROISP 
COMMON  /PLACE/   XIDE AL (6) , YTBEAL (61 ,Z10E AL(B1 
CALL  NORAN(R.S10AR,E,SIGAD1 
XCA-XT*E 
YCA-YT*R 
DO   K   1-1 .NVOL 
BRSTTM"   II-11'VT 
DO  30  J-1 .l*WV 
IFIRANFIOUMl-OT.REL 1   00  TO  30 
CALL  NORANIR.SIGBR.E.SIGBOI 
XCRO-XCA»XIDEALIJI«E 
YCRO"YCA»YI DEAL1J1*R 
DO 38 K-l,NMPR 
MUM«-(I-11«NRPV»NMPR  ♦IJ-ll'NMPR  *K 
CALL  MUNOSP(ROISP,XMUN.YMJNI 
XB (MLMNO)" XCRO ♦ XMLM 
YBI MUM«1'YCRD+YMUN 
ZB(MUNNOI-D.O 
TBIMUWOl-BRSTTM 

SB   CONTINUE 
30   CONTINLE 
3S   CONTINLE 

RETURN 
END 
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SLBROUTIft CONBST 

COMMON XB(1001.YBd 001,7B(1001,TBIinni,NOURSI 

COMMON /ABS/XBA(100l.YBAI1001,ZBAI100),TBAI1001.NBPSr* 
COMMON /HNOOIR/WVUl.UVUS 

NBURST-NBRSTA 
DO 100 l"l.NBRSTA 
XB( I )-WVUl -XBAC 1 ^WVUS-YBAI I 1 
YB(Il--WVU?'XBAI I 1*WVU1-YBAlI 1 
ZB(lt«7B*lll 
TB'11-TBA(II 

1(10   CONTINUE 
RETURN 
fNU 
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SUBROUTII*:  CON 

REAL  M-OCX.NLOCY.NLOCZ 
REAL   NSIZX,NSIZY,NSI7Z 
REAL   NLCX;XA,NLOCYA,M.OCZA 
REAL   NS12XA,NSIZYA,NSIZZA 

COMMON  XBl100),YBI100).ZBIIOOI ,TB1100),N8URST 
COMMON FLax(l00),FLOCYI 100) .TLOCZIIOO) 
COMMON rSIZX(lOO) ,FSIZYMOO),FSIZZ(IOOI 
CCTTCN M.KXI 100),NLXY( 1001.NLCKZdDO) 
COMMON N51ZXI100).NSIZYI100).NSIZZI1001 

COMMON  /ABS/XBA(100),YBAI100).2BA(100).TSAI1001.NSRSTA 
COMMON   /ABS/FLOCXA( 100) .rLOCYA( 100) .FLOCZAI 100) 
COMMON  /ABS/FSIZXA( 1 00) .FSIZYAdOO) .FSIZZAMOO) 
COMMON  /ABS/KLOCXA( 100) .NLOCYAdOO) .NLGCZAdOO) 
COMMON  /ABS/NSIZXA( 100) .NSIZYAdOO) .NSIZZAdOO) 

COMMON /v#eoiR/wvui .wvue 

DO   100   1-1.NBURST 
M_OCXAd)-WVUl»M.OCX( I)-WVUa»H.OCY(l ) 
M-OCYAl l)"WVUe«M.XXd)tWVUl'ftOCY(tl 
NLOCZAl I l-H-OCZl 1 1 
NSI2XAd)-NSlZX( I) 
NSIZYAd)-NSlZY(n 
NSIZZAd)"NSIZZ( I) 
FLOCXACD-WVUl'FLOCXd )-WVUS'FLOCYl I) 
FLOCYAI I )-WVLe'FLOCX( I )+WVUl -FLOCYI I 1 
FLOCZAdl'FLOCZI 1 ) 
FSIZXAd)-FSIZX( I 1 
FSIZYAd I-FS1ZY1 1 !■ 
FSIZZAID-FSIZZI I ) 

100   CONTINUE 
RETURN 
END 
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SUBROUTlre   MUNDSPIR ,XMUN.Y^tJNI 

RS-SQRT(RAWI(X)MI )'R 
ThCTA-RANF(DUMI»B.3B318 
XMUN-RS'COSl TKCTAl 
YMUN-RS'SlNITrtTTAl 
RtTURN 
END 
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Sl/BROUTIfC   N0RANIR.5R.D.SD1 

X-RANF(DUMI 
IF(X.LE.0.01   00   10   I 
A-SQRT(-a.O'ALOGlXl I 
B-B.aaJlBSStniB'RANFIDWIl 
R-A'SR'SINIB) 
D-A'SD'COStBl 
Rf TURN 
FND   ' 
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SUBROUTIhC   SIZECXLOU.XHIGH.rLOW.YMIOHl 

REAL   M.OCX,M.OCY.M.OCZ 
HEM.   NSIZX.NSIZY.NSIZZ 

COMMON  /ABS/XBI 100) ,YBI 1001 .ZB( 1001 ,TBI 1001 .NBURST 
COMMON  /ABS/FLOCXUOO) .FL0CY( 1001 ,FLOCZ I 1001 
COMMON  /*BS/FSIZX(I00I .FSlZYt 1001 .FSIZZ (1001 
COMMON  /ABS/M.OCXM001 ,M.OCYt 1001 .M.OCZ I 1001 
COftlON  /ABS/NSIZX( 1 001 .NSIZYI 1001 .NSIZZ M001 

XL0W-1.0E*6 
XHIOH'-l.0E*6 
YLOH-1.0E*6 
YHIOH—1 .0E*6 
DO   10   1-1 .NBURST 
TEST-INL0CX1Il-H.'NSIZXI111 
IF1TEST.LT. XLOW1   XLOW-TEST 
IFCTEST.OT.XHIOHI   XHIOH-TEST 
TEST-tKCOCX( I l-m.'NSIZXI 11 1 
IFITEST.LT.XLOWl   XLOW-TEST 
IFITEST.OT.XHIOHI   XHIOH-TEST 
TEST-IFLOCXdl-H.'FSIZXd II 
IFITEST.LT.XLOWl   XLOW-TEST 
IFITEST.OT.XHIOHI   XHIOH-TEST 
TEST-IFLOCXI11*>». 'FSIZXI 11 I 
IFITEST.LT.XLOWl   XLOW-TEST 
IFITEST.OT.XHIOHI   XHIOH-TEST 
TEST-(H.OCY(l I->».«NS1ZY(I1 1 
IFITEST.LT.YLOWI   YLOW-TEST 
IFITEST.GT.YHIOHl   YHIGH-TEST 
TEST-IM.OCYdltH.'NSlZYdl I 
IFITEST.LT.YLOWl   YLOW-TEST 
IFCTEST.OT.YHIOHI   YHIOH-TEST 
TEST-IFL0CY(II-i4.-FSIZY(n 1 
IFITEST.LT.YLOWl   YLOW-TEST 
IFITEST.GT.YHIOHl   YHIGH-TEST 
TEST-IFLOCYIII^.'FSIZYI 111 
IFITEST.LT.YLOWl   YLOW-TEST 
IFITEST.GT.YHIOHl   YHIGH-TEST 

10   CONTINUE 
RETURN 
END 
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SUBROUTINE   MXMIN( YIL Ift .XMIN.XMAXI 

REAL   M.OCX.M.OCY.M.OCZ 
REAL   NSIZX.NS1ZY.NSIZZ 

COMMON  /ABS/XBC1DD),YBI1001,ZB'1001.TB(1001,NBL«ST 
COMMON   /ABS/ELOCXC I 001 .FLOCYUOOl .FLOCZ I 1001 
COMMON /ABS/rsizxn ooi,rsiZYriooi,rsizz(1001 
COMMON   /ABS/M-OCXdOOI.NLOCYdOOl .NLOCZI 1001 
COmON  /ABS/NSIZXI I 001 ,NS1ZY( 1001 ,NSIZZ I 1001 

RATMX—1 .0E«10 
RATMN-1.0E*10 
DO   10   1-1.NBURST 
IF(NLOCY(ll.EQ.0.01   GO  TO  5 
RATL-(M.0CX(ll->t.»NSlZXrlll/fi.OCY( I 1 
IF(RATL.LT.RATr*<l   RATMN'RATL 
IF(RATL.0T.RATMX1   RATMX-HATL 
RATN-(SL0CXII1»H.'NSIZX(I 11/M.OCYI I 1 
1F(RATN.LT.RATMN1   RATf«-RATN 
IF(RATN.OT.RATMX1   RATMX-RATN 

5   CONTINUE 
IFCFLOCYdl .EQ.0.01 00 TO 10 
RATL-CFLOCXIIl-H.'FSIZXd I1/FL0CY( I 1 
IFIRATL.LT.RATW) RATW-RATL 
IF(RATL.OT.RATMX1 RATMX-RATL 
RATN-(FLOCXdl*H.»FSIZXdl 1/FLOCYI I 1 
IFIRATN.LT.RATMNl RATMN-RATN 
IFIRATN.OT.RATMXl RATMX-RATN 

10   CONTINUE 
XMIN-YTLINE'RATMN 
XMAX-YTLIIC'RATMX 
RETURN 
END 
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SUBROUTlr*:   CALCIXOBS.YOeS.Z.VTLIW .'"IN.XMAX.NOEVICCLTHRSl 

CC»t«N   /rLDSIT/   CUTOFL.CUTOFR.XINC 
CC»»10N  /LIICS/   VdOOl ,31, IXLEFT, rxROHI 
COMMON  /WNDOIR/WVU1 .HVUB 
DirCNSION CLTWS(3I 

XL-AMAXKCUTOTL.XMINI 
XR-AMlNllCUTOrR,XMAXI 
rXLEFT"INT((XL-CUTOrL)/XlNC)   ♦   I 
IXRGHT.INT((XR-CUTOFLWXItgC)   ♦   1 
00  31   IP-IXLEfT.UROHT 
X-XINC   •   FLOAT!IP-I)   tCUTOFL 
ox-x-xoes 
DY-YTLII«-VOBS 
K-0.0 
VMAG-SQRT(DX"5*DY' •S*DZ"SI 
DX-DX/VMAO 
DY-OY/VMAG 
DZ-OZ/VMAO 
DXP-WVUI •DX»WVUS"OY 
DYP--WVUS'DXtWVUI 'DY 
CALL  LCON(XOBS,YOBS.Z,DXP.DYP,DZ,TOTLNC1 
DO eg IR-I.NOEVIC 
V(IP.IR)-0.0 
IFdOTLKC.QE.CLTHRSdRI)   V(IP.IR|.| .0 

39   CONTINUE 
31    CONTINUE 

00 36   IR-1,NOEVIC 
PRINT 3M,(VII.IR1,I-IXLEFT,IXRGHT) 

35 CONTINUE 
3M FORMATIIHO^SSFH, I ,/ll 

RETURN 
END 
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SUBROUTIht   VEVAL111 . IRI 

COMMON  /FLDSIT/   CUTOFL.CUTOFR.XINC 
COMMON  /LIKTS/   V(1001.31.IXLEFT.IXRGHT 
COMMON  /STATS/   SSL ( 50.31,SSLS(50.31.SL YC50,31.SLYSI50,31, 

1   SRY150.31,SRYS(50.31.SSH(50.3I.SSHSI50.31.NSAMM150,31.LTNI1001. 
B  DSLI50.3. 1001 

INTEOER  RY.SH 
LY«0 
RY"0 
SH-0 
Sl«0.0 

C LEFT   Y-COORO  -  LY 

IFMXRGHT-IXLEFT.LE .01   GO   TO  95 
DO   10   IMXLEFT.IXRGHT 
[Fmt.lRI .EQ.0.01   GO  TO   10 
LY-XINC"FL0ATI1-11    ♦CUTOTL 
K=l 
GO  TO   15 

10   CONTINUE 
GO  TO HO 

C RIGHT   Y-COORD  •   RY 

15   DO 30  J-K.1XRGHT 
[F(V(J.IRI.EQ.0.01    GO  TO 20 
RY'XINC-FLOAT(J- 1 1 * CUTOFL 
M-J 

30 CONTINUE 

C TOTAL   SCREEN LENGTH   -   SL 

SL'RY-LY 
IFCSL.EQ.O.1   GO  TO   40 
SSLd I .IR1-SSL( II , IR1»SL 
SSLSC I 1 , IR1-SSLS(I I .IRKSL'SL 
SLY( II . IR1.SLY( I I .IRULY 
SLYS(I I.IR1-SLYS( I I .IRI«LY»LY 
SRYIII,IR1-SRY( II .IRI+RY 
SRYSUI ,IR1"SRYS(I1 .IRI*RY'RY 

C INTERIOR HOLE  LENGTH  •  SH 
C 

DO   30   1-K.M 
IFIVCI.IRI.EQ. 1 .01    GO  TO   30 
SH-SH*XINC 

30   CONTINUE 
SSH(II.IR1-SSH( I I. IRltSH 
SSHSCI I.IR1-SSHS( II .IRl'SH'SH 
GO  TO 50 

C NSAMM   TO  BE   USED  TO   MODIFY  NSAMP  SUCH  THAT 
C AVE   LY.RY.ANO  SH WILL   BE  CALC.   GIVEN 
C NON-ZERO SCREEN LENGTH. 

HO   NSAMMIII.IR1-NSAMM1II.IR1*I 

C DISTRIBUTION OF  SCREEN LENGTH 

50   DO 50   I -1,100 
IFISL.GC.LENI111   GO   TO  60 
DSL ( I 1 . IR.I1»DSL( II .IR.IH1.0 
GO  TO 70 

60   CONTINUE 
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70    CONTINUE 
RETURN 

95   CONTINUE 
NTiAMMl I I , 
Rf UIRN 
END 

IRI^N'SAMMl I I , IR) •   I 
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SUSROUTIM: ENOPTSIXMIN.XMAX, in 

COMMON   /ST*T?/   ExrxL(50l.EXrxLS(5ni,rxl«RI50I.EXTXRS(501,NIX(50l 
IRXMAX-XMIN.LE. 1 .0 I   GO  TO 35 
EXTXLI m-EXTXL( m » 
EXTXLSIITI-EXrXLSIITl 
EXTXRIITI-EXTXR(ITI ♦ 
EXTXRSilD-EXTXRSI I T) 
RETURN 

55   CONTINUE 
NixdTi-Nixnn  » i 
RETURN 
END 

XMIN 
• XMIN'XMIN 
XM*X 
♦ XMAX'XMAX 
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SLWTOOTISC   M»TCON(Z,XLOW.XHTOH.YLOH.YHIGHI 

COMMON  /WNOOIR/WVUI.UVUS 
DIMENSION  XC0RDIH01 .YCOROmOl 
DIMENSION CONMATIHO.HOl 

DO I 100 1-1.tO 
XCOROID-FLOAT ( I)- (I .0/tO.OI • (XHIGH-XL OW1 ♦XLOW 

1100 CONTINUE 
DO 1SO0 1-1.tO 
YCORDI 1 I-FLOAT! 1-1 I Ml . O/WO. 01 • ( YH1GH-YLOWI »YLOW 

ISOO   CONTINUE 

FfMNT  SB 
SP   FORMAT(• •,5X,S0X, 

PRINT S6,(YCORDIIP) ,IP-I,B0I 
26 FORMATC0',7X.80(F6. 11 I 

DO 2400 l-l.HO 
DO S**0Q  J-l .HO 
X-WVU1 'XCOROI I I ♦WVUS* YCORDl Jl 
Y--WVUS«XCC«0( I l*WVUI»YCORO(Jl 
CALL  0£NSTY(X,Y,Z,CON) 
CONMATd.Jl-CON 

SHOO   CONTINUt 
DO 2500   l-l.HO 
PRINT  S8.XC0R0(II .(CONMATI I . IP) . IP-1 ,20 I 
IBLANK-5'I1/51-1 
IF   ( IBLANK.EQ.OIPRINT   32 

2500   CONTINUE 
PRINT  22 
PRINT 26,CYC0R0IIP< .IP-21.401 
DO 3000 l-l.40 
PRINT 28.XC0R0I I 1 . I CONMATl 1 . IP1 . IP.2I .401 
iaLANK-S'CI/5)-I 
IF   (IBLASK.EQ.01PRINT   32 

3000   CONTINUE 

28   FORMAT(•   •,1X.FB.I.20(F6.0)1 

32   FORMATI'   •! 
RETURN 
END 
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SUBROUTICC  MArCL'Z. W-OH.XHIOH.YLOH.ruir.MI 

COMMON   /WNOOIR/WVU1 . WVU? 
DIMENSION  XIIIOI.XBItOI 
DIMENSION CONLINmO.HOl 

YI^YLOW 
Y2«YHI0H 
DZ-0.0 
DO   I 100   1-1,H0 
X|III«FLOAT(l-l1 

I 100   CONTINUE 
DO   1500   I-I.40 
X2I ll-FLOAH l-l IM I 

1500   CONTINUE 

(I    O/^O.OI'IXHIGH-XLOMlnaOW 

0/HO . 01 • (XHIOH-XLOW I ♦XLOW 

PRINT   15,Yl.Ya 
15   FORMAT I'O'.*   Yl 

PRINT   SS 
55   FORMAT(•   •.•XI 

.FS.e.^   Y5   •.F9.5) 

•.5X,50X,- 

DO 5500  I-!.MO 
DO 5M00  J-l,HO 
DIST-SQHT(   (X5IJ1-X l( I 1 )-"S*! Y5-YH ••SI 
DX-(X2IJI-XI(I11/D1ST 
DY-IYS-YII/DIST 
X-WVUI'XI ( I l»MVUB«YLOW 
Y--WVU5»X1 ( 11+WVU1 • YLOW 
DXP-WVUI •OX«MVUe^DY 
DYP--WVU5»DX»WVUI'DY 
CALL  LCONIX.Y.Z.DXP.OYP.DZ.CON) 
COM. TNI I,J)-CON 

5M00 CONTINUE 
5500 CONTINUE 

PRINT a6,IX2(1).1-1 .501 
DO 59 K-l.HO 
PRINT SB.XI(Kl.ICONLINIK.il.1-1,501 

59 CONTINUE 

PRINT IS.Yl.YB 
PRINT 22 
PRINT 26,1X2(11.1-21.HOI 
DO 27 K-l,MO 
PRINT 28,X1(K1,(C0NLIN(K,II,I-2I.>«01 

2T CONTINUE 
26 FORMATC0',7X.20(F6. Ill 
28 FORMAT!' •,F6.I.201 re. 0) 1 

RETURN 
END 
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ajeoouTihe c*LP»»T(NS«*.Nr.a'ap.NvoL.vr .NDEVICI 

C CALCULATE  »l« PRINT   STATISTICS 

CCWON  /STATS/   SSLI50.31.SSLSI5a.31.SLri!0.3) .SLTSHO.H. 
I   SHY(50.3).SnYS(aO,31.SSH(50.3) .SSH3(3O,3I.NSAM1(30.31 .LENI 1001 , 
3  03.130.3.1001 

COmON  /STATa/   EXTXCiaOI.EXTXLSiaOI.EXTXROOI.EXTXRSISOl .Nl/rSOl 

PRINT  aiO.NSAW 
310   FORHATdHI.'TOTAL  NLTBEH OF  SAMPLES  •••191 

00 303   I-I,NT 
00 320   IR-I.NQCVIC 
HMW "WIAO NMWW I .IBI 
irfNSAf»I.L£. 1IGO  TO 315 
SLYSII .IR1-SQRT((SLYSII . IHl-SLTI I . IBl'-a./NSAJ«»I I / INSAMPI - I II 
3RY3(I.IRI-SQRT(IS«YS(I.in)-SRV< 1 . IP) •• a./NSArfl l/rNSAM»l-l 11 
SSMS( 1. 1RI-SORTI ISSMSII . IRl-SWt I . IR1 ••a. /NSAf«"l 1 / (NSAPfl -I 1 1 
SLYII,IH1-SLTII,1RI/NSAWI , 
SRVd.lRl-SRYd.IRl/NSAr»»I 
SSHII.lHl-SSHd.IRl /NSAM»I 

31S     SSLSII,lRl«SQRT(ISSLSII.IRl-Sa.H . IR1 "S./NSA«»l/(NSAt*-l 11 
530     SSLII.IRI-SSLU.IHI'NSAI* 

MIX! 'NWHWH11 
iriNIXI.LE.II   00 TO  SOS 
tXTXUSI 11 •SORTI (EXTXLSI t)-EXTX1.111—a. / NI Xt I / (NIXI-11 I 
EXTXR6I 11-SORTUEHTXRSI 11-EXTXRII 1 "a. / NIXI 1 / I Nl XI-I 1 I 
EXTXL(I1-CXTXL(I)/NIXI 
EXTXRI11 -CXTXRII > /N IXI 

303  CONTINUE 
DO 530   l-I.NT 
STIhC-Ul'SNAR 
PRINT  S60.STIf« 

360   fORMATI IHO.'SNAP TII«   "•.FIO.II 
J-MIN0INV0L.1«1NT(STI«/VT)I 
PRINT  370,J 

370     FORMAKIHO.-VOLLEYS   TIREO —.131 
PRINT  SMCNIXMI .(NSAMH(I.IRl.IR-t.NDCVIC! 

5»0   FORMAT! 1 HO.-NLMBER   TIUS NO SCREEN  • . 13 . 3tax.-IN SECTOR  • . I 311 
PRINT  600.IISSLC1.IR) .SSLS1 I. IRI1 , IR-I . NOEVIC1 
PRINT  SOl.lISSHf I.IRI.SSHSII.IRII.IR-1 .NCCVICI 
PRINT  602.1CSLYII. I Rl .SLYSI1. IRI 1. IR-1 . NCEVICI 
PRINT 603.1ISSTII. I Rl .SRTSII. IRI > . IR-I . NCEVICI 
PRINT  SOV.EXTXLIIl.EXTXLSfll 
PRINT  SOS.EXTVHIII.EXTXRSlll 

600 FOR«ATI«0«.»  SCREEN  LENOTH -.aX^I*   AVE   ••FS.I.ax.'   SIGMA   ".Fa.Ill 
601 FORMATfOV   INTERIOR HOLE   • .SX.1l'   AVE   ".FB-Lax.'  SIOMA   ".Fa.Ill 
802   FORMATC'O*.*  LEFT COORO ♦.aX.3l'AVE   • .F9. I .2X. •  SIOMA   • .FB. I 1 1 
603  FCIRMAT(»0».«  RIOt^T   COORD       •.ax.jl*   AVE   •.FB.I.ax.-  SIOMA   •.FB.Ill 
SOH   FORMATCO'.'  EXT  LEFT COORD*.ax.'   AVE   '.FB. l.ax.'   SIGMA   '.FB^Il 
603   FORMATI'O'.*  EXT  ROHT  COORD".2X.»  AVE   '.FB.l.ax.'   SIGMA   •.ra.ll 
530   CONTINUE 

PRINT  630 
630     FORMATIIHO.IBKJISTRIBUTION OF SL1 

00 600   l-I.NT 
STItC-cll'SNAP 
PRINT seo.srirc 
J-MIN0(N>«X..I»INT(5TI*/VT1 I 
PRINT 570.J 
00 678 IR-I.NOEVIC 
00 675 L-I.* 
K2-23-L 
KI-K2-2H 
PRINT 660. ILEN<KI,K-KI.K2I 

660  F0RMATIIH0.2SI31 
PRINT S70.(0SLII.lR.Kl.K-Kl.Kai. 

670  F0RMATIIH0.2X.25ra.01 
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PRINI    67? 
6 '?      ( ORM» 1 I 1 HD 1 
1575      CONTINUf 

67B   tONI INlJf 
HHO    rnHiiNir 

RT 11JRN 
fNl) 
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SUBROUTI^  STCLIOmiN,YIELD.BTI«:.WPH*P.BET*P,UPI 

COMMON /HCCLO/ rsiox.rsioY.rsioz 
COMMON /HCCLO/ DSIOX.DSIOY.DSIOZ 
COMMON /HCCLO/ ASIOX.ASIOY.ASIOZ 
COMMON /HCCLO/ ESIOX.ESIOY.ESIOZ 
COMMON  /HCCLO/   MNOSPO.FACTOR,TINCR 

KFUFTL-ISO 
PlFT-rLOATCWVTL 1 
WNDSPD-UP 
ESIOX«ALPHAP 
ESIOY-ALPHAP 
ESIOZ-BETAP 
FACTOR-OMUN'YIELD'. I?69tf7/PUFT 
IINCR-B-tlME/PUFT 
RETURN 
END 
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SUSROUTIIC   TlfCCT) 

REAL   KLC1CX.M.CCY,M.0CZ 
REAL   NSIZX.NSIZY.NSIZZ 

COMMON  XBdOOl , YB( I OOI ,ZB( I 001 . TB(I 00 1 , NBURST 
COMMON FLOCXC1001.FLOCYr1001.FLOCZI1001 
COMMON FSIZXIIOOI,FSIZY(IOOI.FSIZZI1001 
COMMON M.OCXnOO) .NLOCYI 1001 .NLOCZI 1001 
COMMON NSIZXI 1001 ,NSIZY( 1001 .NSIZZI 1001 

COMMON  /»0E I NO/   UOEMOOI 

COMMON  /HCSCR/   XCENTISO.1501 
COMMON  /HCSCR/   S1GX (SO. 1501 .SIOYOO, 150 1 .SIGZI20, 1501 
COMMON  /HCSCR/   FACTT(20.150) .frUFFieOl 

COMMON  /HCCLD/ FSIOX.FSIOY.FSIOZ 
COMMON  /HCCLD/ DSIGX.DSIGY,DSIOZ 
COMMON  /HCCLD/ AS10X.ASIGY.ASIGZ 
COMMON  /HCCLD/ ESIGX,ESIGY.ESIOZ 
COt*KH  /HCCLD/ WNDSPO.FACTOR,T1NCR 

PAGE--IODO. 
MUNGRP-0 

DO  S99  MUN-1,NBURST 

AGE-T-TB(MUN1 
lF(AGe.^€.PAG£l   GO   TO   150 
lAOEtMUNl-MUNGRP     • 
GO  TO 505 

150   CONTINUE 
MUNGRP-MUNGRP-M 
1AOEIMUN1-MUNORP 
PAGE-AGE 

DO   199   1-1.ISO 
TW-AOE-TINCR»FLOAT(1-11 
IFITH.LE.0.0100 TO  500 
XCENT(MUNORP, I )-WNOSPO«TW 
SlOXlMUNGftP.D-FSlOX'IIHtoSPO'TW+ASIOXI /DSIOX1 •'ESIGX 
SIOY(MUNORP.ll-FSIOY»l (ktCSPO'TW*ASI0Yl /DSIOYI "ESIGY 
S10Z(MUNOW>.l)-FSIOZ»(ll#»SPO»TW*AS10ZI /OSIOZ1 "ESIGZ 
FACTTIMUNORP.I)- 

1 FACT0R/(SIGX(MUNGRP.I1'SI0Y(MUNGRP. I 1'SIGZCMUNGRP. 1 1 I 

199   CONTINUE 

NPUFF1MUNGRP1 -1SO 
GO  TO 510 

500   CONTINUE 
NPUFFIMUNORPl-I-I 

505   CONTINUE 
IF(H»UFF(MUNGRP1 .LE .0100  TO 550 

510   CONTINLE 
NPM-^#>UFF (MUNGRP 1 
FLOCX(MUN1-XCENT I MUNGRP. I ItXBfMUNl 
FLOCYIMUNI-YBIMUNl 
FLOCZIMUNI-ZBIMUNl 
FSIZXCMUNI-SIGXIMUNGRP.I 1 
FSIZY(MUNI-SIOY(MUNGRP. 1 1 

156 



rsiZZIMUNI-SIOZIMUNORP.I) 
M OCX(MUNI •XCENTIHUNORP.NPHI ♦XB( MIH i 
M.(XY(MUNI>YB(nUN) 
MCCZIMUNI-ZBIMUN) 
NSIZXIMUNI-SIOXIMUNGRP.NPHI 
NSIZY(MIJNl-SIOY(MUNORP.W>M) 
N5IZZ(MUNI-SI0Z(MUN0RP.NPM) 
CO TO 599 

290   CONTINUE 
NPirriMUNOflPI-0 
FLOCX(MUN1-0.0 
rL0CY(MUNl-0.G 
rLOCZiMUNI-O.O 
FSIZX(HUNI>0.0 
FSIZY(MUNI»0.0 
rSIZZIMUNI-O.O 
M.OCXIMUN)-0.0 
NLOCY(MUN|.0.0 
NLOCZIMUNI-0.0 
NSIZXIMUNI-O.O 
NSIZY(MUNI-0.0 
NSIZZ(MUNI-0.0 

599  CONTINUE 

RETURN 

END 
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PAGE       S3 

SUBROUTIhT  DENSTY(XP.YP.ZP,C0N1 

COMMON X8I 100) ,YBI 1 001 ,ZBI 1001 .TBM001 , t«L»»ST 

COMMON  /*OEINO/   IAOEII001 

COMMON  /HCSCR/   XCENTtaO.ISOl 
COMMON /HCSCR/  SIOX 120,1501 .SIOYCBO. 190 1 .SIOZIPO, 150) 
COMMON  /HCSCR/   f ACT 1(20.190) .MVF(80) 

CON-0.0 

00 399 MUN"I .NBURST 

MUNORP-IAOEIMUN) 
NPM-NRJFr(MUNORPI 
IFINPM.LE.OIOO  TO  399 
X-XP-XB(MUN) 
Y-YP-YBIMUN1 
Z-ZP-ZB(MUN1 

CALL   DENMIMUNCRP.X.Y.Z.CONM) 
C0N-C0N*C0t*1 

399  CONTINUE 

RETURN 

END 
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SUBROUTIfC   DENMIMUNP,XP.YP.2P,C0NI 

COMMON  /HCSCR/   XCENT<a0.1501 
COMMON  /HCSCR/   S1GX 00, 1501 .SIOYIBO. 150 I .SIDZI20. 150 I 
COMMON  /tCSCR/   FACT T (PO. 1501 .NPUTFCaOl 

COMMON   /POINT/   X.Y.Z 

X-XP 
Y-YP 
Z'lP 
MUN-MUNP 

CON"0.0 
NPM-NFnjrriMi.jN) 
IFINPM.LE.OICO  TO  399 
ir(X.LE.XCENT(MUN,NPMl-1».0'SIOX(MUN,NPM) )GO  TO   399 
IF   IX.GE.XCENTIMUN, I I^.O'SIGXIMUN.DIGO   10   399 

IF(NPM.OE.S1GO  TO  350 

DO  310   l-l .NPM 
C*LL   OENPTIMUN, I.TERM1 
CON»CON*TERM 

310   CONTINUE 
00  TO  399 

350   CONTINUE 
DSTBPF-CXCENTCMUN.I I-XCENT (MUN.NPM) 1/FL OATINPM-I ) 
NMID-(XCENT(MUN, I )-XI/OSTBPF^.O 
M-EFT-NMID 
NRIGHT-NMID-1 
IF (M.EFT.LE.O)l*-ErT"l 

360   CONTINUE 
IFINLEFT.OT.NPMIGO   TO  T70 
CALL  DENPTCMUN.rtEFT.TERM) 
CON-CON*TERM 
NLEFT-NLEFT»I 
IFITERM.OE.O.01100   TO  360 

370   CONTINLE 
IF   1NRI0HT.0T.NPM)NRIGHT-NPM 

375   CONTINUE 
IF(NRIOHT.LE.O)0O  TO  399 
CALL   DENPFIMUN.NRIOHT.TERM) 
CON-CON»TERM 
NRIGHT-NRIGHT-1 
IFITERM.GE.O.OIIGO   TO  375 

399   CONTINUE 
RETURN 
END 
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SUBROUTIft OENPFIMUf#».IP.CON) 

COMMON /HCSCR/ XCENT(20.ISO) 
COMMON /HCSCR/ SlOX l?0, 1501 .SIOYISO, 150 I ,5102(30. 150) 
CCTMON /HCSCR/ FACT TISO. 150) .WJFnaO) 

COMMON /POINT/ X.Y.Z 

l-IP 
MUN"MUNP 
CON-0.0 

CONN-( -.5«( I IX-XCENT(MUN, I 1 )/SIGX(MUN, I ll"8 
■KY/SIOY(MUN,!))••? 
♦ IZ/SIOZIMUN.I))"a)) 

iriCONN.LE.-S5.)   00  TO 350 
CON-FACTTtMUN. I I'EXPICONN) 

350   CONTINUE 
RETURN 

END 
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SUBROUTIhC  IXON     (POXP.POYP.POZP.UXf. HfP.uZP.TOrLNCl 

COMMON XB(IOO) .YBM 00) .ZBriOOl ,TB( 1001 , NBURST 

COMMON  /*GfI NO/   lAOEIIOOl 

COMMON /HCSCR/ xcrNnso, ISOI 
COMMON  /HCSCR/   SIGX (SO, 1501 .SIOYieO. 150 I .SIOZISO, 1501 
COMMON  /HCSCR/   F*CTT(SD, 1501 .NPUTfieOI 

UX-UXP 
UY-UYP 
UZ-UZP 
TOTLNC-0.0 

DO 199  MUN-1,NBURST 

MUNCRP-IAOEIMUN) 
NPM-NPUrFIMUNORPI 
IF(NPM.LE.0IOO  TO H99 

POX-POXP-XBIMUNI 
P0Y-P0YP-YBIMUN1 
P0Z-P0ZP-ZB(MUNI 

CALL  LCONM(MUNORP.P0X,P0Y,P0Z,UX,UY,UZ. TERM) 
TOTLNC-TOTLNCtTERM 

1499   CONTINIX 

RETURN 

END 
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SUSROUTI^ LCONM IMUNP.POXP.POYP.PO/P.DXP.DYV.DZP.TOTLNC ) 

COMMON   /HCSCR/   XCENT(30,150) 
COMMON   /HCSCR/   SIOX(?D.1501.SIOYCgO.150 I.S1GZ1?D.1501 
COMMON  /HCSCR/   FACTT(20.1501,NPUFF(?0) 

COMMON  /LINE/   POX,POY,P0Z,DX,DY.OZ 

POX-POXP 
POY^POYP 
POZ-POZP 
DX-DXP 
DY-DYP 
DZ-DZP 
MUN-MUNP 
NPM-NPUFF(MUN1 
TOTCL-0.0 
IFINPM.LE.OIGO  TO HQO 
VL«XCENT(MUN,NP«1 
VU-XCENKMUN.II 

C PUFF  CHOOSING LOGIC 
C OETEHMIIC   INTERSECTION  WITH  Y,Z  PLANE 

IF   (DY.EQ.0.0100  TO   HIO 
S--POY/DY 
XINTER-POX+S'DX 
IFIXINTER.LE.VLIOO   TO HIO 
IF(XINTER.Ge.VU100   TO 410 
CISTBPr-tVU-VLl/FLOAT(NPM-ll 
NMID-(VU-XINTER1/DSTBPF»2.0 
l*-EFT-NMID 
NRIGHT-NMID-I 
IF   (M_EFT.LE.01h«-EFT-l 
GO TO '*70 

410 CONTINUE 
NMID-NPM/S 
CALL  LCONPFCMUN.NMID.TERMl 
IFITERM.LE.0.01100   TO H20 
M.EFT-NMID*! 
NRIOHT-NMID 
GO  TO U70 

<*3Q   CONTINUE 
NLEFT-I 
CALL  LC0NPF(MUN,NLEFT,TERM1 
IFITERM.LE.0.0I1OC   TO tlO 
NRIOHT-0 
GO TO HIO 

430 CONTINUE 
NRIGHT-NPM 
CALL  LCONPFIMUN.NBI GHT.TERMl 
IF   (TERM.LE.0.011   GOTO UtO 
M.EFT.NPM»I 
GO  TO i*70 

WO   CONTINUE 
TOTCL-0.0 
GOTO 490 

470   CONTINUE 
IF(H.EFT.eT.NPM100   TO  480 

C COMPUTE  LIKE   CONCENTRATION CONTRIBUTION 
1-M-EFT 
CALL  LCONPF(MUN,I ,TERM1 
TOTCL-TOTCL'TERM 
H-EFT-NLEFT-H 
IFITERM.GE.O.OllGO   TO 470 

480   CONTINUE 
IF   (NRIGHT.GT.NPMINRIGHT-NPM 
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485   CONTFNUE 
IFtNRIOHT.LE.OIGO   TO 490 
l-NRIOHT 
CALL  LCOMTIMUN, I .TERMl 
IOTCL-TOTCL*TERM 
NR1GHT-NR1GHT-I 
IflTERM.OE.O.OllOO   TO  4B5 

^gO   CONTINUE 
TOTLNC-TOTCL 
RETURN 
END 
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SUBROUTIfC  LCONPF   ( ML»*>, IP,PFLNCI 

COMMON  /HCSCR/   XCENKSO, 1501 
COPMOH  /HCSCR/   SIOXISO,1501.SIOYIPO,ISO 1.SIGZ<?0.1501 
COMMON /HCSCR/ FACTTieo.isoi.NPirnaoi 

COMMON  /UlfC/   P0X,P0Y,POZ.OX,DY,D2 

l-IP 
MUN-MUNP 
PTLNC-O.O 
*-(DX/SIOXIMUN,m,'2»<DY/SI0YIMUN.|l 1 •'S-HDZ/SIOZIMLW. I II"? 
B-DXMPOX-XCENTIMUN , I I l/SrOX(MUN, I M'S* 

• DY-(POY l/SIOYIMUN,ll"e» 
• OZMPOZ l/SldZIMUN,l !••? 
S--B/A 
PMX-P0X»S'OX 
PMY-POY»S'DY 
PMZ-P0Z»S»D2 
C-(IPMX-XCENT(MUN.l I 1/SIOXIMUN, 11 I "S* 

• MPMY I/SI0Y(MUN.I1I"2* 
• ((PMZ 1/SI0Z(MUN,III"S 
CC-(-.5»CI 
ir(CC.LE.-25.1   00 TO 399 
PFLNC-FACTT(MUN, I I • S.9066S83'EXPICC 1/SORTHI 

399   CONTINUE 
RETURN 

END 

164 



DISTRIBUTION LIST 

No. of No. of 
Copies Organization Copies Organization 

2 Commander 9 Commander 
Defense Documentation Center US Army Materiel Development 
ATTN: TCA & Readiness Command 
Cameron Station ATTN: DRCCP 
Alexandria, VA 22314 DRCDE-F 

DRCRE-I 
2 Commander DRCPA-S 

US Army Armament Research & DRCQA 
Development Command DRCDE-R 

ATTN: DRDAR-SEA DRCDE-D 
Technical Library DRCBSI-L 

Dover, NO 07801 DRCBSI-D 
5001 Elsenhower Avenue 

1 Commander 
Rock Island Arsenal 

Alexandria, VA 22333 

ATTN: Tech Lib 1 Commander 
Rock Island, IL 61299 Harry Diamond Laboratories 

ATTN: DELHD-SAB 
2 Commander 2800 Powder Mill Road 

US Army Test & Evaluation Adelphl, MD 20783 
Command 

ATTN: STEDP-MT-L 1 Commander 
STEDP-MT (Dr. L. US Army Aviation R&D 
Solomon) Command 

Dugway Proving Ground, UT ATTN: DRDAV-BC 
84022 PO Box 209 

St. Louis, MO 63166 
Commander 
US Army Electronics RiD Command 1 
ATTN: DRDEL-SA 
Fort Monmouth, NJ 07703 

Commander 
US Army Electronics R&D 

Command 
ATTN: DRDEL-AP-OA 

DRDEL-AP-CCM 
(Mr. D. Glgllo)       3 

2800 Powder Mill Road 
Adelphl, MD 20783 

165 

Commander 
US Army Electronics R&D 

Command 
Atmospheric Sciences Lab 
ATTN: DELAS-EO 

(Dr. Richard Gomez) 
White Sands Missile Range 
NM 88002 

Director 
US Army TRADOC Systems 
Analysis Activity 

ATTN: ATAA-SL 
ATAA-T 
ATAA-TDB (Mr. L. 
Domlnguez) 

White Sands Missile Range 
NM 88002 



DISTRIBUTION LIST 

No. of No. of 
Copies Organization      Copies Organization 

2 Commander 1 Commander 
US Army Missile Command US Army Troop Support & 
ATTN: DRSMI-C (R&D) Aviation Materiel 

DRSMI-CGA(R&D)(Mr. B. Readiness Command 
Fowler) ATTN: DRSTS-BA 

Redstone Arsenal, AL 35809 4300 Goodfellow Blvd 
St. Louis, MO 63120 

2 Commander 
US Army Tank-Automotive 2 Commander 

Research & Develop. Command US Army Mobility Equipment 
ATTN: DRDTA-UL (Tech Lib) R&D COMMAND 

DRDTA-V ATTN: DRDME-0 
Warren, MI 48090 DRDME-RT (Mr. O.F. 

Kezer) 
1 Commander Fort Belvolr, VA 22060 

US Army Natlck R&D Command 
ATTN: DRDNA-0 
Natlck, MA 01760 

Commander 
US Army Concepts Analysis 
Agency 

ATTN: MOCA-SMC (Mr. H.Hock) 
(ley) 

8120 Woodmont Avenue 
Bethseda, MD 20014 

Commander 
US Army Training and Doctrine 

Command 
ATTN: ATCD-Z (MAJ I.J. 

Llcata) 
Fort Monroe, VA 23651 

Commandant 
US Army Infantry School 
ATTN: ATSH-CD-CS (CRT D. Geroge) 
Fort Bennlng, GA 31905 

Director 
Night Vision Laboratories 
ATTN:    DELNV-VI  (Ms. Luanne 

Obert) 
Fort Belvolr, VA   22060 

Naval Air Systems Command 
ATTN:    Code A1r-310C (Dr. H. 

Rosenwasser) 
Washington, DC   20361 

166 

2    Chief 
Defense Logistics Studies 

Information Exchange 
US Army Logistics Management 

Center 
ATTN: DRXMC-D 
Fort Lee, VA 23801 

2 Commander 
US Army Combined Arms Center 
ATTN:    ATZLCA-CAT (Mr.  R.E. 

DeKinder, Jr.) 
ATZLCA-TM-K (LTC D. 

Bacon) 
Fort Leavenworth, KS    66027 

1 Commandant 
US Army Field Artillery 

School 
ATTN:    ATSF-G-RA (MAJ John 

Kehres) 
Fort Sill, OK   73503 

1 Marine Corps Development 

ATTN:  (FPR) MEDEC (MAJ 
Clara Tucker) 

Quantico, VA 22134 

1    LCDR William E. Major 
NAVSEASYSOM (Code SEA- 

62Y21) 
Washington, DC 20350 



DISTRIBUTION LIST 

No. of No. of 
Copies      Organization Cop les Organization 

1   Naval Intelligence Support 1 Naval Surface Weapons 
Center Center 

ATTN: NISC (Code 43) (H.F. ATTN: Diane L. Shamblin 
St. Aubln) (Code DG-302) 

4301 Suitland Road Dahlgren, VA 22448 
Suitland, MD 20390 

1 
Naval Weapons Support 

Center 
ATTN: Dr. Duane Johnson 
Crane, IN 47522 

1 
Commander 
Tactical Air Command 
ATTN: DRAR (MAJ D. Nix) 
Langley Air Force Base, VA     1 
23665 

Commander 
USAFAWS/DNDP 
ATTN:    CRT J.  Kahler 
Scott Air Force Base, IL    62225   1 

Oklahoma State Field 
Office 

ATTN:    Dr. C.K. Arpke 
P.O.  Box 1925, Bldg 230 
Eglln Air Force Base, FL 
32542 

Naval Weapons Center 
ATTN:    Dr. Alex Shlanta 

(Code 3173) 
China Lake, CA    93555 

Reliability Analysis Center 
ATTN:    Mr.  I.L.  Krulac 
Griffiss AFB, NY    13441 

Commander 
ASD/ENAMB 
ATTN:    Mr.  Larry J.  Beasley 
Wright-Patterson AFB, OH 
45433 

Commander 
USAFTAWC/THL 
ATTN:    MAJ J. T. McNeely.Jr 
Eglln Air Force Base, FL 
32542 

167 



DISTRIBUTION LIST 

Aberdeen Proving Ground 

No. of 
Copies Organization 

3 CDR, USATECOM 
ATTN: DRSTE 

DRSTE-CS-A 
DRSTE-AD-M (Mr. W. Baity) 

Bldg 314 

2 Dlr, BRL 
ATTN: DRDAR-BLB (Mr. A. LaGrange)(1 cy) 
Bldg 328 

1 Dlr, BRL 
ATTN:    DRDAR-TSB-S (STINFO Branch) 
Bldg 305 

1 Dlr. HEL, Bldg 520 

1 Cdr, USA O&CC&S 
ATTN:    ATSL-CLC-C (LT A. Slavinski) 
Bldg 3071 

1 Cdr/DIr, CSL 
ATTN:    DRDAR-CLB-PS (Dr. Stueblng) 
APG-EA, MD    21010 

1 PM, Smoke/Obscurants 
ATTN:    DRCPM-SMK (Mr. J. Steedman) 
Bldg 324 

17 Director, USAMSAA 
ATTN:    DRXSY-GI  (Mr. S. Gerard) 

DRXSY-LM (Mr.  P.  Frosell) 
DRXSY-LM (Mr. Marchettl)  (15 cys) 

Bldg 392 

168 


